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'USE-ROLLERS 
Save Materials 


and Man-Hours 


* Quantity and more positive roller adjustment. 


* Control and operation by foot pedal or automatic 
trip, as required 


* Well proved direct air operated friction type clutch. 
* Automatic flood lubrication 












* Central panel provides quick and easy control of 
motor, single or continuous action, and over-run 
adjustment 


Made in sizes 1} in., 3 in. and 4 in. 





3° Use Roller, Messrs. 
Deritend Drop Forgings 


Lid., Birmineham. 
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MASSEY DESIGNS INCLUDE B+S. MASSEY {7 oPENSHAW - MANCHESTER - ENGLAND 
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Steam and Compressed Air Hammers 


Pneumatic Power Hammers, Friction 
> leas Meme. MAKERS OF THE WORLD’S GREATEST RANGE OF 
Counterbiow Hammers, _ Torainn FORGING AND DROP FORGING PLANT 


Presses, Use Rollers, Trimming 
Presses, Tyre Fixing Roll 
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AUTOMATIC UPSETTING! 


Let National Tong-Feed Forging Machines 
Produce Your Forgings at Lower Cost 


Hot Forging is going automatic! 

Well, not all of it, but many forward- 
looking forge plants are taking a fresh look. 
For example, all of the upset-type forg- 
ings above were made on National Auto- 
matic Tong-Feed Forging Machines. 
Seven sizes are now proved and presently 
operating in production: 1”, 149”, 2”, 3”, 
4”, 6” and 744”. 








The method offers extremely interesting 
opportunities of raising production while 
reducing labor and operating costs. May 
we help you investigate? 
Let’s start by looking over your jobs, in 
your plant, in Tiffin or in Nurnberg. 
We can have a productive session de- 
voted entirely to your plans, but with- 
out obligation. National 4” Automatic Tong-Feed Forg 
ing Machine with discharge conveyor 


Nanas MacHmeRy(0 i ome 


TIFFIN. OHIO. U 





‘ JGKAYSER 


OtC MISE RF OB ete kU Meee 
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#1C =~ $513-10-0pa 








WEST (iihument 


LIMITED 
for TEMPERATURE MEASUREMENT & CONTROL 


VISIT OUR STAND C 10t AT INTERPLAS, OLYMPIA, LONDON, JUNE 2! JULY 1 
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* Peddinghaus " —the we 
tried and proven Master 


Shear -for rapid productior 
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of Billets and Slabs. Fittec 


























with adjustable length stop 























Electro-pneumatic wedge 























hold-down and single or 























continuous stroke control 
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ORIGINAL 
PEDOINGHAUS 


@ 


PAUL GRANBY & CO.LTD. 


39 VICTORIA STREET-WESTMINSTER-LONDON:-S WI 


Telephone ABBEY 5138 Telegrams POWAFORGE SOWEST. LONDON Cables): POWAFORGE. LONDON 
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setting a standard in DIECASTING with 


Edgwick Alé!! Cold Chamber Machine 


Herbert-Reed-Prentice |4G Cold Chamber Machine 


EDGWICK 


Casting Capacity, Ib. 
Locking Pressure, tons 


HERBERT-REED-PRENTICE 


Al6il B250T 
1; (Alum.) 8} (Brass) 
50 250 


*14iZ 1iG 2G 
Casting Area, sq. in. 327 79 179 
Locking Pressure, tons 250 250 400 
*Hot chamber type 
MSSA/HF IMP/96 
Casting Capacity, oz. 6 12 
Casting Area, sq. in. 9 12 


We can offer auxiliary equipment inciuding bale-out furnaces 
For further details apply to : 





We have acquired, over many years, 
considerable knowledge and experience 
of diecasting including the designing of 
machines and dies to meet the high 
standard required. We are therefore 
well qualified to advise on the most 
economical and efficient methods of 
production by diecasting. We can 
arrange for our Specialists to visit your 
Works and discuss your casting problems 
and make suitable recommendations. 
We welcome all enquiries. 


AD 503 





ALFRED 
HERBERT LTO., COVENTRY ~ FACTORED DIVISION, RED LANE WORKS 





Al 
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FOLIAC die lubrication 


can increase die life by more than 100%... 


- june, 1961 





oe Yes, FOLIAC Colloidal Graphite Dispersions give dramatic- 
C-) ally longer life, because they afford far better die lubrication 
6° than oils and the traditional wet sawdust. 


Pre-treat dies with Foliac W 18 Colloidal Graphite in Water. 
lubricate dies with Foliac ‘Forgraph’ Semi-colloidal 
graphite in Water 

The result is longer die life—much longer—and a more 
consistent and better finished product into the bargain. 
Foliac Colloidal Dispersions are available in a variety of 
liquids. Why not ask our representative to call to discuss 
specific problems and advise on applications. 





=O) 24 ee COLLOIDAL GRAPHITE DISPERSIONS 


kA GRAPHITE PRODUCTS LIMITED 


A Member of The Morgan Crucibie Group 


POINT PLEASANT - WANOSWORTH - LONDON © S.W.18 TELEPHONE: VANdyke 6422 
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Atmospheres are 
best controlled with 
BOTTOGAS Butane 








Photograph by couricay of Enfield Rolling Mills Lid. 


BOTTOGAS oe 


BUTANE 'S8 RES ae? 
PRECISION FUEL | : for industrial furnaces 








BOTTOGAS butane and PROPAGAS 
propane with their low sulphur 


BOTTOGAS butane and PROPAGAS propane 
are the Precision Fuels for the glass industry, 





air heaters, radiant heaters, bitumen and mas 
tic heating, floodlights, blow torches, fork lift 
trucks, agriculture. 


content are the perfect mediums for 
special furnace atmospheres. They 

are widely used for gas carburising, 
r BOTTOGAS butane and PROPAGAS propane 
come from the British Refineries of the Shell and 


B.P. Groups. They are backed by a nationwide 


carbonitriding and bright annealing. 


distribution service and technical resources 


second to none. 





Shell-Mex and B.P. Gases Limited 


(Reg'd users of Trade Marks) 
Cecil Chambers, 76-86 Strand, London WC2 Phone: TEMple Bar 1234 





A2 
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LAMBERTON 


10 INCH HORIZONTAL 
FORGING MACHINE 





A full range of forging machines from 
2 inch upwards is available—all with automatic 


feeding device and induction heater. 


* Write for full details to: 


EUMUCO (ENGLAND) LTD 


26 FITZROY SQUARE 
LONDON WI1 
Telephone: EUSton 4651 
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METALECTRIC 


Heat treatment of forgings 


The lower furnace is the latest of many Metalectric installations at Garringtons Ltd., Bromsgrove. 
The plant, which includes endothermic atmosphere equipment, is used for clean hardening and 
tempering of small tools. It supplements other installations such as the heavy duty furnaces 
shown in the upper photograph, which are used for the heat treatment of miscellaneous forgings. 


METALECTRIC FURNACES LTD. 





SMETHWICK ° ENGLAND 
FOR Atl FORMS OF ELECTRIC HEAT TREATMENT EQUIPMENT 12/300 /61. 
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Copies Left-and Right-hand 
die halves simultaneously 





AUTOMATIC HYDROCOPYING DIE SINKER 
MODEL KAB 250 


Fully automatic — roughing and finishing — this exceedingly 

robust bed-type machine copies 3-dimensional dies, without supervision, from 
wooden or plaster models. Both left- and right-hand halves of the die can 

be copied at the same time from the same master. 360° profiling can be performed 
at constant feed, without rotating circular tables, and on 

vertical contours. Servo hand control permits speedy roughing. The machine 

has two spindles; single- and 4-spindle machines are available also. 


Table size 130° « 25%". Spindle speeds (18) 42 to 2000 r.p.m. 
Copying feeds, steplessly variable -4” to 15-75". Pick feeds 006" to -2”. 


Send for our Soecial Exhibition brochure 


SOLE U.K. DISTRIBUTORS: 






DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Tel’ WESTERN 8077 (8 lines) Telex: 23182 Groms): ACCURATO@S LONDON TELEX 
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REFRACTORY 
CONCRETE 


The ADAPTABLE Refractory Material — SAVES TIME AND MONEY 
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A MUST for FURNACE & BOILER FOUNDATIONS 
HEAT-RESISTANT FLOORS 
FURNACE DOORS & DAMPERS 
FLUES & FLUG-PIPE LININGS 
KILN CAR & BOGIE TOPS 
COKE OVEN DOOR LININGS 
BURNER BLOCKS 


AND 101 OTHER REFRACTORY USES 


Refractory Concrete 

(stable under 

load up to 1350°C) 
is made with 
crushed firebrick 
and Ciment Fondu 


Ready for any purpose 
in 24 hours 








USE SECAR 250 


(An iron-free white a ae aluminate cement) 


Su Duty and Special Conditions of : 
on temperatures up to 1800°C 
atmospheres 


F - to slag attack 
Resistance to products of combustion 











Write for Booklets ‘REFRACTORY CONCRETE’ and ‘ SECAR 250’ 


LAFARGE ALUMINOUS CEMENT COMPANY LIMITED 


73 BROOK STREET, LONDON, W.1 Telephone: MAYfair 8546 
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Hardened steel work rolis 





by Firth Brown manipulate a very high 
proportion of all the metals rolled 

in Britain. Only greatly advanced 
metallurgical experience and superb 
technical skills in their making, 

could achieve their preferment and 


“choice by the experts”’. 


ALLOY STEELMAKERS - FORGEMASTERS - STEEL FOUNDERS - HEAVY ENGINEERS 
THOS. FIRTH & JOHN BROWN LIMITED SHEFFIELD ENGLAND 
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People who know 
resistance 
furnaces 
know 


GWE. 














GW 


RESISTANCE 
FURNACES 





G.W.8. FURNACES LIMITED - DUDLEY - WORCESTERSHIRE TELEPHONE: DUDLEY 55455 
Assoc:ated with Gibbons Bros. Ltd and Wild-Borfield Electric Furnaces Ltd 





ows /285 
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» Makers of Precision © 
Ground Bars in many qual- 
ities of Carbon and Alloy 
Steels to tolerances vary- 
ing from -00025” to -001° 

+, as specified. 

Centreless Turned and 
Bright Reeled Bars are 
also supplied to limits 

+ -004". 




















ENGLISH STEEL ROLLING MILLS CORPORATION 


imiit 


River Don Works, Sheffield 


A wholly owned subsidiary of English Steel Corporation Ltd. 





(tii 
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A link with accuracy and finish 





Each link in these conveyors is a precision job—perfect in every detail, shell-moulded 
in heat-resisting steel. The smallest components can be carried safely 
and smoothly through any furnace. Another outstanding 
achievement by Thompson L'Hospied whose close association with the 
Furnace industry offers unique facilities for research and testing under actual conditions. 


Thompson 





A Member of the incandescent Group 


THOMPSON L’HOSPIED & CO. LTD., STOURBRIDGE, ENGLAND 





























Se une, 196 
If you are involved in all or any of these 
processes then it may well be worth your 
while to get in touch with E. & A. West Ltd. 

Are you In all probability they may be able to 
solve some of your problems in these fields or 
concerned with suggest more economical or efficient methods. 

Their Technical Advisory Service is at the 

disposal of Industry and will be glad to get to 

rust removal grips with your particular problem. 
The answer may even be in their impressive 
or corrosion _jibrary of “case histories”. 

Please do not hesitate to call them in. 

This service is freely given and non-obligatory. 


annealing scale 


prevention? 





18/8 Stainiess Stee! sur- 18/8 Stainless Stee! sur- Patches of red scale left Bright.even surface on the 
face after two hours in face after two hours in on brass after pickling in same brass after pickling 
Nitric Hydrofluoric Acid Ferric Sulphate “— 7% Sulphuric Acid. in5 % Sulphuric Acid with 
bath. Over pickling has fluoric Acid bath. ver ed F Sulphate 
resulted in etched crystal- pickling has had no effect added Ferric Sulp ’ 


line surface. on the metal surface. 





Ferric Sulphate. As a pickling agent results 
in rapid, clean and fume-free method of 
descaling stainless steel, copper, brass and 
nickel silver and an improved method of 
etching mild steel surfaces prior to coating. 
Non-fuming, non-toxic, safely handled. 
Westolite Rust Remover. This is supplied 
in two forms: liquid and thixotropic. The 
former is recommended for dipping batches 
E. & A. WEST Limited. of ferrous metal goods. It is a particularly 
efficient phosphating material which combines 
effectively with the surface metal to 

DERBY. produce a protective non-rusting layer. 
Telephone: Derby 45008. Thixotropic Westolite has been developed 
for use on industrial plant, structural 
steelwork, and in situations where immersion 
is precluded. In the form of a gel, 
Thixotropic Westolite becomes temporarily 
free-flowing when applied with a brush but 
after application resumes its paste-like 
consistency. Advantages include, adherence to 
W E S 7 vertical surfaces, no drips and no wastage. 
Also manufactured is a range of Industrial 
chemicals including Dipping Acid, Nitric Acid 
and Hydrofluoric Acid. 


For technical advice or product 
data you are invited to write to:- 






Parcel Terrace, 












CHEMICALS FOR INDUSTRY 





_ STORDBY 


RADIANT Thu Be.& = Se a ee 


dual fuel type 
for gas @F Geet 








Burner assembly with observation port, 


spark plugs and self clean-metering oil valve 





STORDY ENGINEERING LIMITED 


CUMBRIA HOUSE GOLOTHORN HILL WOLVERHAMPTON 
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MORGAN 


BASIN 
~ TILTERS 


- 2k The new BT-1300 takes only 
| 5 60 minutes to melt all this 
Aluminium Alloy 











During the past eighteen months 54 Morgan Basin For top quality castings and lowest melting loss, invest 


Titers have been installed in modern foundries for in the most 
demonstration, with your own metal if preferred, at 


flexible of all bulk melters. Ask for a 
fast and economical bulk melting of a wide range of 
high quality aluminium or copper based alloys. 


ind MORGANITE CRUCIBLE LIMITED, NORTON WORKS, WOODBURY LANE, WORCESTER. Tel: Worcester 26691 Telex: 33191 
F544 


the Battersea Test Foundry. 


A Member of The Morgan Crucible Group. 





Advanced tee hnique N 
and reliable service 
have established for 


Smethwick Drop Forgings 


a fine reputation 


SMETHWICE DROP FORGINGS LTD -SMETHWICK & KIDDERMINSTER 
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IZ Do you punch it, stretch it or squeeze it ? 
/ Are you concerned about the effect of this sort 
of treatment on its amenable behaviour ? 





(LY 


To avoid your pet product developing unyielding 
habits from hard working you need only to 
trust your annealing to Birlec furnaces. 


tmonest the hundreds in use in the metal 
working industries there are types to suit most 
needs—or, if not, a special design can 

be produced to match your own ideas. 


From box, bell, bogie, belt to pit, pusher, 
pull-through and roller hearth; with 
controlled atmosphere, forced convection, 
time-temperature control; electrically 
heated or gas fired; there is a proved Birlec 
design for every specification. 


{sk vour pel ivpisi to write to us for more information 


furnaces for every heat treatment 


AEI-Birlec Limited 


Tyburn Road:-Erdington: Birmingham 24 





Telephone East 1544 Telex No: 334717 


LONDON - SHEFFIELD - NEWCASTLE-ON-TYNE - GLASGOW - CARDIFF 
sm 84190 
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CONTENTS 


This journal is devoted to metals—ferrous and non-ferrous—their 
manufacture, properties, heat treatment, manipulation, testing and 
protection, xith research work and development in all these fields 


Chemists and alchemists 
Russian forging journal 
University of Oxford—Department of Metallurgy 


Radiographic examination of reactor pressure vessels 


Microplasticity in metals and alloys at low temperatures 
P. FELTHAM, D.SC., F.INST.P. 

It is shown that studies of the microplasticity of metals and alloys, 
particularly the relaxation of stress, and transient creep at small plastic 
strains, can yield information on features of the dynamics of dis- 
locations, occurring on an atomic scale. Special reference is made to 
the yield phenomenon in mild steel and in alpha-brasses, and to 
short-range order in the latter alloy, all of which were recently studied 
by means of creep and stress relaxation experiments at small plastic 
strains in the range 77-358 K. 


Isothermal heat treatment ALAN D. HOPKINS, M.SC., A.I.M. 
It is shown how the theoretical studies of Davenport and Bain have pro- 
foundly influenced the practice of heat treatment and it is suggested 
that their influence may one day extend into the field of mechanical 
working 


Estimating critical ranges in heat treatment of steels 


Low-temperature ageing of iron and low-carbon steel 
IVAN HRIVNAK 

A study of the low-temperature ageing of pure iron and low-carbon 
steel has shown the mechanism of precipitation of the nitrides. New 
data on the precipitation of oxides of iron were also obtained. In 
particular, precipitation of the oxides led to definite experimental 
confirmation of the dislocation model of the high-angle grain boun- 
daries, as a synthesis of parallel] Burgers boundaries 


Beryllium bronze Use in electron microscope grids 


Engineering, Marine, Welding and Nuclear Energy 
Exhibition 


Non-destructive testing of welded tubing 


News 256 People 
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Increased output of jet engine components. That is 
briefly the result of installing this 50 Ib. (molten 
steel) capacity Wild-Barfield- NRC vacuum induction 
melting furnace at Filton. Bulk charging and mould 
locks enable semi-continuous production to be 
maintained. In fact, the weekly output of this one 
equipment is greater than that of five vacuum arc 
furnaces used for similar work. If you have a vacuum 
application, remember that the experience of Wild- 
Barfield covers the design and manufacture of all 
types and sizes of vacuum furnaces 


Anta D FOR VACUUM METALLURGICAL APPLICATIONS 


—_—— 


WILO-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS - OTTERSPOOL WAY: WATFORD BY-PASS ~ WATFORD - HERTS - Tet: Wattord 6091 (8 lines). Grams. Electurn, Watford 


whl4 





t 
1 june, 1961 215 metal treatmen 


and Drop Forging 








Chemists and alchemists 


VER since the days of the alchemist it has been difficult to draw a sharp dividing 

line between the interests of the chemist and the metallurgist. Although recent 

research indicates that the origins of alchemy may well be sought in the sacred 
rites peculiar to archaic metallurgy, it has, in fact, been the chemist who has claimed 
lineal descent from the practical alchemist. Indeed, there is good reason for this. Until 
the end of the 16th century, alchemists were almost the only laboratory workers in any 
part of the globe and, whatever we may now think of their theories, a list of their chemical 
discoveries and evolving technical methods makes impressive reading. Alchemical 
techniques gradually began to be taken over during the course of the 16th century in 
Europe, first by the pharmacists and then by the early chemists in our modern 
understanding of the term. 


Perhaps, therefore, it is not too fanciful to see significance in the fact that the 1960 report 
of the National Chemical Laboratory has for its cover illustration D. Tenier’s Alchymist. 
It is true that the old alchemist could confine himself almost exclusively to the study of 
metallic substances, whereas the modern chemist has also the vast field of organic 
chemistry to cover, but a surprisingly high proportion of the 1960 report is concerned 
with chemical problems relating to metals. Metallurgists working in related fields need 
to keep aware of what investigations by chemists may have to offer in their subject. 
Examples of such possibilities from the present report are the prevention of corrosion 
in water and soils, study of the behaviour of metals in contact with solutions at high 
temperatures and pressures, and high-degree purification of rare elements. 


One of the most exciting developments of recent years is the new research technique of 
field emission or field ion microscopy (METAL TREATMENT, September, 1960). This 
technique is being applied at the Laboratory by a research group under the leadership 
of the Director, Dr. J. S. Anderson, PH.D., F.R.Ss. Work has been started on the study 
of physical processes and chemical reactions on absolutely clean metallic surfaces, using 
] the field emission microscope. The intense electric field produced by applying a potential 
7 of a few kilovolts to a point of tungsten, platinum or other metal, 1,000-2,000 A in radius, 
draws a flux of electrons from the tip. Such a small tip is usually a single crystal; in 
ultra-high vacuum it can be freed from all chemisorbed gas. The electron emission 
depends on the field strength (and hence the local contour of the tip) at each point and 
on the work function of the metal. The local contour is modified by migration or dis- 
placement of atoms in the surface layers; the work function is modified by crystal 
orientation and, profoundly, by chemisorbed layers. Hence the image produced on 
a fluorescent screen—in essence a stereographic projection of the single crystal tip— 
reflects the changes brought about by physical and chemical adsorption, surface diffusion, 
nucleation and growth of new phases, etc., and should reveal something of the detailed 
topochemistry of surface processes. In continuation of work started in the Director’s 
laboratory at the University of Melbourne, the condensation, migration, nucleation and 
penetraticn of copper, nickel and other metals evaporated on to a tungsten surface are 
at present being investigated. Work has been started on the related and very powerful 
technique of field ion microscopy, which is capable of imaging individual atoms on the 
metal surface. The object is to study the nature of the surface sites involved in the 
chemical absorption of oxygen and other reactive gases, and the subsequent processes 
in the first stages of heterogeneous reactions. 


The important part played by chemistry in the metals field today is obvious; the debt 
which chemistry itself owes to the ancient art of metallurgy is less well known. Perhaps 
the new field of nuclear metals will enable the metallurgist, like the alchemist of old, to 
mtg make a further contribution to the science of chemistry. 


B! 
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Russian forging journal 


Abstracts from the Russian forging journal— Kuz- 
nechno-Shtampovochnoe Proizvodstvo,’ November, 
1960, 2. This is the second year of this journal 
devoted specifically to forging. Short abstracts of the 
more important articles are given in METAL TREATMENT 
each month 


Choice of a rational technique of hot-stamping conical 
pinion forgings. B. S. PEREVOZCHIKOV and V. F. 
KOVALENKO. Pp. 1-6. 

Experiments were conducted on various heavy 
forging presses with different techniques to 
rationalize mass production (500,000 units per 
annum) of back-axle leading pinions for the 
GAZ-51 automobile. Best results were obtained 
on a 6,300-tonne press in four passes (upsetting, 
preliminary forging, final forging and piercing). 
Teeth are preformed during stamping, and particu- 
lar attention was given to location of the flash for 
gripping and transporting the forgings, and the 
possibility of maximum automation. 


Hot rolling of long, ccarse pitch threads on hollow 

components. M. V. VASIL’CHIKOV and M. M. VOLKOV. 
Pp. 7-10. 
Production of hollow components with an external 
thread by oblique skew rolling of hollow-cast 
billets in two-roll mill affords considerable saving 
in labour and metal costs, the surface fibres of the 
metal are oriented along the outline of the thread, 
and the structure of the cast metal is improved, 
becoming fine-grained but remaining fibrous, with 
an improvement in mechanical properties. 


Development of a production technique for hollow 

axles. M. YU. SHIFRIN, YU. E. KOVALENKO, B. P. 
KOLESNIK, N. K. POLYAKOVA and A. M. KHARKHORIN. 
Pp. 11-15. 
Research work shows that it is possible to produce 
hollow axles for railway rolling stock from hollow- 
rolled billets by oblique skew rolling in a three-roll 
mill and subsequent forging of the ends in hydraulic 
presses. Properties of the finished axles are entirely 
satisfactory, and fatigue and service tests have 
produced good results. 


Effect of dynamic loading on the properties of thin 
sheet steel for deep drawing. B. A. SHCHEGLOV. 
Pp. 15-18. 

Comparison of the results of the author’s experi- 
ments with those previously obtained by other 
research workers permits these conclusions to be 
reached. Under conditions of both monoaxial and 
biaxial extension the effect of the strain rate is 


expressed in an increase in the resistance of the 
material, so that the stress-deformation dynamic 
load diagram lies higher than the static. The value 
most subject to the strain rate is the yield point; on 
increasing the strain rate from 10-° to Isec.* the 
yield point rises by 50°.,. The u.t.s. also rises but to 
a much smaller extent. No noticeable effect is 
exerted on the nature of the distribution of the 
deformations on the surface of a specimen during 
biaxial plastic extension of sheet material not having 
a flow area. The degree of final deformation is also 
independent of the flow rate during biaxial extension. 


Hot stamping of components from case-hardened 
billets. P. A. IVANOV. Pp. 18-21. 
Experiments were conducted in the forging of 
billets after case-hardening at 1,100-1,200°C. for 
1 h. (depth of hardening 1-5-2 mm.) to produce 
piston pins. 


Research into metal flow during the stamping of 
hollow forgings of complicated shapes at the GKM. 
L. A. RABINOVICH. Pp. 21-25. 


Minimum forging tapers. A. N. 
Pp. 25-27. 
Extensive production experience in the use of the 
new method of calculation of minimum tapers 
described shows considerable saving in metal 
through reduction in flash. 


BRYUKHANOV. 


The effect of preliminary cold working on the real 

resistance to deformation during cold bulk stamping 
and upsetting. V. A. KROKHA. Pp. 27-30. 
To determine the force required for deformation it 
is necessary to know the real resistance to deforma- 
tion based on hardening curves. This applies 
especially to cold-drawn material. Hot-rolled bars 
were cold drawn with up to 47°,, deformation, and 
the real resistance to deformation determined. This 
was then related to the hardening curves. 


Movable safety devices on cold-stamping presses. 
L. S. SAGATELYAN. Pp. 30-35. 


Calibration of a 4,000-tonne, crank-drive NKMZ 
hot-forging press by means of crusher gauges. V. F. 
KOVALENKO,"S. S. SANNIKOV and P. I. STRUKOV. 
Pp. 35-37. 

Calibration of presses and press force indicators. 


A device for control and protection of the moving 
cross head of hydraulic presses against canting. 
R. M. LISNYANSKII. Pp. 38—40. 

continued on page 219 
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University 


of 
Oxford 
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Department of Metallurgy 


It ts perhaps not yet fully appreciated by industry 
what excellent facilities are now available at our 
older universities for the training of metallurgists. 
The outstanding student who could usefully absorb a 
course placing emphasis on fundamental principles 
would find at these centres exceptional opportunities, 
both in his own specialization of metallurgy, and tn the 


general intellectual life of a university town. The 


value of such background is accepted in the humamities, 
and it is difficult to see why this should not be equally 
true of the sciences. Last year, at Oxford, a new 
laboratory of the Department of Metallurgy was 
opened, and the following account gives a brief 
description of the laboratory as well as brief details of 
the research work 


A NEW LABORATORY of the University Department 
of Metallurgy at Oxford was opened last year. The 
building is the first section of the new science area 
of the Keble Road triangle and was designed by 
Mr. George Buzuk, of Murray, Ward and Partners, 
London. 


The laboratory has four floors. In the basement 
there is the main workshop, the mechanical testing 
room and the furnace room, which is at present 
devoted to high-temperature research work. There 
are also two X-ray rooms, one of which is being 
used for high-temperature X-ray work. 

On the ground floor are rooms devoted to electron 
microscopy, powder metallurgy and precipitation 
hardening of alloys, high-temperature mechanical 
testing and X-ray diffractometry. The first floor 
contains the main teaching laboratories, the micro- 
scope room and the library. The study rooms of 
the staff are on the top floor, together with rooms 
for work on the constitution of alloys, the thermal 
analysis of high-melting alloys, zone melting and 
electron bombardment techniques, grain boundary 
precipitation and the freezing of alloys, and 
mechanical properties of metals and alloys. 

The present staff consists of the Isaac Wolfson 
Professor (Dr. W. Hume-Rothery, 0.B.£., F.R.S.), 
the George Kelley Reader (Dr. J. W. Christian), 
two lecturers (Dr. J. W. Martin and Dr. S. L. 
Altmann) and a graduate assistant (Dr. A. Hella- 
well). An independent honours degree course was 
established in 1956, while metallography remains 
a supplementary subject which may be read by 
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View of one of the teaching 
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those whose main subject is in another branch of 


science. 

The honours degree course in metallurgy is 
a four-year one. The metallurgical work, in which 
the emphasis is placed on fundamental principles 
rather than technological processes, is combined 
with the full Oxford course in inorganic and 
physical chemistry. Written and practical papers 
in these three subjects are taken after three years 
and constitute Part | of the final examination. 
The fourth year is spent on research in some topic 
related to metallurgical science, and the student 
submits a thesis and has an oral examination. The 
honours class is awarded on the combined results 
of Parts 1 and 2. 


Individual research efforts 
Professor W. Hume-Rothery. The structure and 
constitution of alloys of molybdenum with other 
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transition metals are being examined, in the hope 
of throwing light on the general principles under- 
lying the structure of transition metals and their 
alloys. The study of these alloys involves work at 
very high temperatures, and apparatus for this 
purpose is being developed. Similar work is being 
carried out on alloys of gold with elements of 
Groups IIB and IIIB of the Periodic Table, in 
order to see how they differ from the corresponding 
alloys of copper and silver. 

A comprehensive experimental determination is 
being made of the freezing points and melting 
points of iron-rich alloys of iron with other transi- 
tion elements, and of the effect of the latter on the 
A, transformation. Sixteen binary systems have 
already been investigated, and work is in progress 
on three binary and one ternary system. Other 
work includes experimental investigation on the 
structure of x-brasses, and of alloys of bismuth 
with rhodium and palladium. 

Dr..¥. W. Christian. The variation of the flow- 
stress of single and polycrystalline specimens of 
various metals with temperature and strain rate is 
being investigated in the temperature range 
4-400 K. The results give information about the 
way in which dislocations overcome obstacles with 
the combined help of stress and thermal energy. 
In the b.c.c. metals, the main obstacle at low 
temperatures is the frictional resistance of the 
lattice, but in h.c.p. and f.c.c. structures, the 
obstacles arising from dislocation intersections are 
more significant. Related work includes a study 
of the crystallography of mechanical twinniog in 
f.c.c. copper-aluminium alloys, and experiments 
on the mobilities of individual dislocations, using 
etch-pit techniques. The mechanism of bainitic- 
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type phase transformations, and especially the 
relation of the shape change to the theory of the 
crystallography of martensitic transformations, is 
also being studied. 


Dr. ¥. W. Martin. A metallographic study of 
fracture characteristics of various materials is being 
made, as well as an investigation of the relationship 
between mechanical properties and microstructures 
in dispersion-hardened alloys. 

The mode of fracture in tensile deformation 
over a wide range of temperature of commercially 
pure uranium is being studied. In the alpha-range, 
the role of dispersed non-metallic inclusions on the 
nucleation of fracture has been demonstrated. 
Electron-metallographic studies of fracture surfaces 
of temper-brittle steels are also being carried out, 
and transmission electron microscopy techniques of 
thin metal foils are being applied to an investigation 
of fatigue fracture in aluminium alloys. 

Dispersion-hardening by internal oxidation is 
being studied in copper and nickel alloys, with 
particular emphasis on their elevated temperature 
mechanical properties. Powder metallurgical tech- 
niques are also being applied in this research. 
Dispersion-hardening of molybdenum alloys by 
the production of highly stable nitride precipitates 
is also carried out, and their high-temperature 
tensile, hardness and creep properties are being 
investigated. The effect of dispersed phases on the 
processes of recrystallization and grain growth is 
also being studied in aluminium copper alloys. 

Dr. S. L. Altmann. A rather unusual feature of 
the department is the existence of a small theoretical 
group under the direction of Dr. S. L. Altmann, 
who is university lecturer in the theory of metals. 
The main interest of this group is the calculation 
of the band structure of metals as a step towards 
the understanding of their physical properties. 
Theoretical calculations in metals cannot often be 
relied on because even when the most sophisticated 
methods are utilized the physical model used is still 
very far from the real thing. One of the motives 
behind the work of the group is the need to develop 
methods that can easily be applied to a fairly large 
number of metals because, although the results for 
any single metal may not be very good, the general 
trends in moving along the periodic table are 
usually significant and useful. 

In order to do this, very full use is being made 
of the university’s electronic computer (a Ferranti 
Mercury), for which a programme is now almost 
ready that will provide a very detailed picture of 
the band structure of any hexagonal close-packed 
metal. The programme is entirely automatic; no 
changes except that of the atomic number, c. a. 
ratios and the atomic potential field are required in 
changing the metal. Some half a dozen of them 
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are expected to be computed this year, and work 
will soon commence on the cubic metals. 

Dr. A. Hellaweil. Experiments are being carried 
out which it is hoped will lead to a better under- 
standing of freezing and, in particular, factors 
influencing solute distribution during solidification. 
In this connection we are (a) determining the 
effects of freezing rate, temperature gradient and 
concentration of the effective solid liquid distribu- 
tion coefficient; (6) determining the effect of 
solid liquid interface structure on the preferred 
orientation in castings; and (c) studying the effects 
of solute concentration on the grain structure of 
castings. 

Other experiments are being carried out to 
discover something about the mechanism of 
precipitation and growth occurring at grain 
boundaries. 


Russian forging journal 
concluded from page 216 


An experimental investigation of the heating of 

steel billets for forging and stamping in molten salts. 
A. D. AKIMENKO, M. YA. KUZELEV and A. A. SKVORTSOV. 
Pp. 40-42. 
Mixtures of 30°,, Ba Cl, + 70°,, Na Cl and 70°, 
Ba Cl, + 30°,, Na Cl were used in baths at 1,300°C. 
to heat billets to 1,200-1,250°C. The salt film 
produced on the billets is slight and creates no 
difficulties during forging. Heating time in a com- 
partment furnace is two to three times longer than in 
a salt bath. Protective covers should be used to 
prevent heat losses by reduction. The mean value 
of the heat-transfer coefficient at bath temperatures 
of 1,200-1,350°C. was 400-500 kilocal. m.*-h.-°C., 
accounting for the shorter heating time. 


A recuperative compartment furnace for non- 

oxiding heating. G. F. DEGTEV and V. I. KARPENKO. 
Pp. 42-43. 
Designed for heating components to temperatures 
between 600 and 1,250°C., to fire this furnace, air is 
preheated to 500°C. and natural gas to 400°C. in 
welded, scale-resistant steel recuperators, providing 
a furnace temperature of 1,300-1,350°C. with an 
air-consumption factor of 0-5-0-55. Specific 
consumption of comparison fuel is about 8”. 


Modernization of a 9,000-tonne press. M. L. 
BORINSKII and V. S. STEPANOV. Pp. 44—46. 


A die for manufacturing perforated sheet. D. L. 
TRABINOVICH. Pp. 46-47. 


A stationary machine for cleaning metal after 
forging and rolling. P. D. NEPECHI and S$. A. VOL’SKII. 
P. 48. 
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Radiographic 
examination of 
reactor pressure 
vessels 


Tue U.K. ATomic ENERGY AUTHORITY has just 
taken delivery of a mobile 4-3 million volt linear 
accelerator designed to make X-ray examinations of 
the pressure vessels of nuclear power stations during 
construction. Designed by Miullard Research 
Laboratories, the machine is the first completely 
mobile linear accelerator to be built anywhere in 
the world. It was developed under a contract placed 
by the Authority with Mullard Equipment Ltd. and 
will be used for the first time at the station being 
built for the Central Electricity Generating Board 
at Trawsfynnydd in Merionethshire. 

The machine will enable the welds in the thick 
steel walls of the pressure vessel containing the 
reactor cores to be radiographed on site during the 
building of a nuclear power station, with the mini- 
mum of disturbance to the constructional work. 

The accelerator has been engineered into a self- 
contained unit, which can be rotated about both 
horizontal and vertical axes for rapid, accurate 
alignment on to the specimen, and may be mounted 
on a tower, or suspended from suitable lifting tackle. 
For the first time on an equipment of this kind 
the entire vacuum and cooling systems have been 
incorporated in the accelerator unit, thus elimin- 
ating the problems of lengthy hose connections. 
The control cabin housing the ancillary electrical 
and control equipment is a transportable weather- 
proof structure of fibreglass which may be sited up 
to 250 ft. away from the accelerator. 


Advantages of the linear accelerator 

The linear accelerator is believed to be superior 
in this application to the cobalt 60 radio-isotope 
sources and conventional X-ray sets currently used 
for the purpose, since it enables radiographs of 
high definition to be obtained much faster, through 
the thicknesses of material encountered in this 
particular application. These advantages may well 
become even more marked when, as is probable, 
the thickness of the pressure vessel walls of future 
nuclear reactors is increased considerably beyond 
the present 34 in. 

The accelerator is very powerful for its size, 
producing at 4-3 MeV. a radiation intensity of over 
600 réntgens a minute at a distance of | metre from 
the X-ray source. The focal spot size is less than 
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2 mm. in diameter. The time required to obtain a 
radiograph through 4 in. of steel with the accelera- 
tor 1 metre from the surface of the object can be as 
little as 4 sec.; an 8-in. thickness can be radio- 
graphed in 42 sec., and 12-in. in less than 9 m*.. 
To obtain an equivalent intensity from cobalt J 
would require a source of some 30,000 Curies; the 
physical size of such a source would be so great that 
the resulting penumbra effects would seriously 
reduce the definition of the radiograph. The Beta- 
tron, although capable of high penetration, requires 
lengthy exposures unless the machine is placed in- 
conveniently close to the object. 

The linear accelerator is able, because of its high 
intensity output and small focal spot size, to produce 
high-definition radiographs at considerable dis- 
tances using relatively short exposures. It is thus 
possible to place the machine in the middle of the 
pressure vessel, and from this central point to radio- 
graph the greater part of the vessel with the mini- 
mum of physical movement. At a distance of 30 ft., 
10 ft. of weld can be examined at each exposure. 


Technique 

The travelling wave electron linear accelerator 
utilizes a high-power radio-frequency power genera- 
tor to launch an electromagnetic wave into a 
specially constructed accelerating waveguide. The 
waveguide is circular and contains metallic iris 
discs which are spaced so as to increase the phase 
velocity of the wave from about 0-4 ¢ (ec — velocity 
of light) at the input to about 0-995 ¢ at the output. 

Electrons are injected into the waveguide, which 
is maintained under high vacuum, and ‘ surf-ride ’ 
on the electromagnetic wave, thus accelerating with 
it. At the output end they are travelling almost at 
the velocity of light and when they strike a metal 
target very hard X-rays are emitted; these are 
collimated to irradiate the area to be radiographed. 

The radio-frequency power source is a high- 
power magnetron valve, which is pulsed from a 
modulator supplying electrical pulses of about 2 
microseconds length at 50,000 volts and 100 
amperes. Pulse repetition frequency is variable up 
to 500 pulses per second, therefore the equipment 
can be used for stroboscopic radiography of moving 
objects by relating the frequencies of the pulses to 
the periodicity of movement. 

The present machine uses many of the standard 
units employed in the standard 4-3 MeV. accelera- 
tors which have been made by the company for a 
number of years for medical, industrial research and 
radiographic applications. Future U.K. sales of the 
equipment will be handled by Research and Control 
Instruments, who are the company’s sole agents for 
radiographic equipment in Great Britain. Overseas 
enquiries should be addressed direct to Mullard 
Equipment Ltd. 
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Microplasticity in metals 
and alloys at low temperatures 


P. FELTHAM, D.Sc., F.Inst.P. 


Recent developments in research techmiques, particularly the use of etch-pit metallo- 
graphy and transmission-electron micrography, have confirmed and clarified many 
theories and hypotheses on the mechanism of plasticity in metals. As a result of the 
observations on the behaviour of dislocations interest has become focused on some of 
their properties which still elude direct observation. On the process of dislocation 
intersection, important in work-hardening, on the formation and absorption of point 
defects by dislocations in creep and fatigue, and on many other characteristics of the 
mechanisms of plasticity on an atomic scale evidence is at present still largely 
inferential. It is shown in the present paper* that studies of the microplasticity of 
metals and alloys, particularly the relaxation of stress, and transient creep at small 
plastic strains, can yield information on features of the dynamics of dislocations, 


occurring on an atomic scale. 


Special reference is made to the yield phenomenon 


in mild steel and in alpha-brasses, and to short-range order in the latter alloy, all 
of which were recently studied by means of creep and stress relaxation experiments 
at small plastic strains in the range 77-358 K. 


AT SUFFICIENTLY LOW temperatures, generally up 
to about 0-3Timei ( K.), many crystalline as well as 
some non-crystalline solids are known to exhibit a 
logarithmic type of creep if subjected to constant 
stresses, strain, ¢, and time, 7, being related by 
the equation 

S we Se Mis Ch a Wi inchs cnccdvenxe 1) 
where, at any given temperature s, and v are time 
independent parameters which may, however, de- 
pend upon the stress and the temperature. Over 
ranges of t readily amenable to the study of the 
creep equation (1) can be written in the form 

Se Perr ee err (2) 
and then 

Se = de/d log,, vt = de/d logigt ...... 3 


In 1953 Mott derived equation (1) for metals 
and, in view of the generality of the derivation, it 
should be applicable to all crystalline solids in 
which dislocations are the source of plasticity. The 
assumptions on which his model is based are that 


*The author, of the Department of Metallurgy, The 
University, Leeds, gave this lecture before the British 
Society of Rheology at the University of Reading last 
April. 


crystallographic slip is a thermally activated process 
with a stress-dependent activation energy, and that 
intracrystalline stresses assisting in the activation 
diminish in the course of creep as a result of work- 
hardening. As a consequence the creep rate declines 
continuously, as may be seen on differentiating 
equation (1) with respect to time. 

Similarly, a logarithmic type of stress relaxation 
is found in many materials maintained at a constant 
strain after plastic deformation at low tempera- 
tures. Kubat (1954), for example, observed it 
not only in metals but also in some plastics, rubber 
and paper. He ascribes it to the gradual decrease 
of internal stress gradients through elementary 
shears controlled by stress-dependent activation 
energies. 

The equation relating the initial stress o,, the 
instantaneous stress + and the time is 


Gg-— 0 = Sy log, (1 + we) ........-. (4 
and in practice this may again be written: 

Gy- 6 Sp: Die MO: 6 waitwsavwleis icv (5) 
with Sy = —Go/d bogs oo. ccccccccees (6) 


The conditions under which logarithmic creep 
and stress relaxation occur, as well as the explana- 
tions advanced to account for them, suggest that 
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both phenomena are related. In the work here 
described an attempt was made to examine whether 
in fact such a relation could be established theore- 
tically and, if so, in how far it could be supported 
by creep and stress relaxation measurements on 
some metals and alloys. It was also hoped to obtain 
a deeper insight into the specific rate-determining 
mechanism operative in metals and, probably, in 
other crystalline solids as well. 


The experimental work was carried out on poly- 
crystalline specimens which had been well annealed 
in vacuo at high temperatures prior to use, and the 
plastic strains were in all cases confined to less than 
about 3°,,. At such comparatively small strains the 
coefficient of work-hardening , do de is found 
to be approximately constant, and this was expected 
to be of assistance in any correlation of corre- 
sponding parameters of the creep and relaxation 
equations. 


EXPERIMENTAL 


In the experiments metal rods were extended in a 
Hounsfield leaf-spring type of “Tensometer’; the 
relaxation was determined by observing the mer- 
cury column serving as stress indicator, while, in 
creep experiments, the strain required to keep the 
column immobile after the application of a small 
plastic deformation was recorded. The specimens 
were mounted in a tubular cryostat, and submerged 
in liquid nitrogen, solid carbon dioxide in alcohol, 
melting ice or silicone oil heated to 85°C. Some 
tests were carried out at room temperature, without 
the cryostat. Typical stress relaxation curves for 
annealed iron containing 0-11°,, C (wt.), obtained 
at 200°K., are shown in fig. 1. Irregularities in the 
curves were observed at strains within about 9-03' 
of the yield point, indicated by the broken curve in 
fig. 1; at higher strains the results were repro- 
ducible. Similar effects were also observed in the 
relaxation of copper and alpha-brasses. Detailed 


descriptions of the experimental procedure and of 


the results obtained with brasses (Feltham, 196la, 
1961b), and with iron (Feltham, 196lc), have been 
published. The strain-time curves obtained in creep 
are similar to the relaxation curves (Feltham, 1961b). 


THEORETICAL 
Relation between creep and relaxation 


Now, in a work-hardening material the rate of 


change of the applied stress with time, at any given 
temperature, may be expressed in terms of the 
relaxation at constant strain and the variation due 
to work-hardening: 


do 38a 3a € 











dt St Se 6d 
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1 Stress relaxation in tron containing 0-1 C at 200 K. 
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A 
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2 Passage of an edge dislocation through a crystal: a and 


b dislocation stuck at B; 


c dislocation passed through the 
entire crystal 
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i 7 / } 
/ | 
2 > 1 BP me 
| / | 
{ | 
3 Formation of a ‘jog’ (F) by intersection of two dislocations 
g Tee 


4 Migration of a ‘jogged’ dislocation from 1 to 2. T’ is the 
line tension of the dislocation containing the jog 
which, for scress relaxation at constant strain 
reduces to: 
do 40 de 
> oe ge Palen (8) 








dt 81 dr 
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5 Dislocations in a thin film of oxvgen-free high-conduc- 
tivity copper. Annealed in vacuo for 2 h. at 850°C. 
followed by about 2°, reduction by rolling. Arrows indicate 
loops as shown in 4 (electron micrograph by R. Sinclair 


while for creep under constant stress: 


3a de do 
ae ff enue 5 ee 
ét dr dr 
zy is the coefficient of work-hardening, which we 
shall assume to be independent of time and strain 
in the (linear) part of the stress-strain curve used, 
so that: 
da do 














/ constant .... (10 
de de 
On substituting for 40 42 from equation (8) into 
equation (9), and multiplying both sides by 7, one 
obtains : 
do/d logit = -7 dedlogygt ........ (11) 


so that, with a constant value of +, logarithmic 
creep and logarithmic stress relaxation are in fact 
conjugates, with (equation (3), (6) and (11 


Sr/Se ,. secdnn eNeS Sear cheaee ws (12) 


Measured values of ; in alpha brass containing 
35°., of zine gave: 


Oe A ee ss es cnabcinoha (13) 


where G is the shear modulus and, as can be seen 
from table 1, this is in good agreement with 
G (S;/S¢), as required by equation (12). 


Dislocation model of the stress-relaxation 
process 

In the model which we now propose to discuss we 
shall assume that in crystalline solids the relaxation 
results from a limited continuation of slip if the 
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stress is maintained on the specimen after a pre- 
ceding small amount of plastic deformation. The 
residual glide arises from the movement of dis- 
locations to positions of lower potential energy, 
which can take place without an increase of the 
applied stress. At constant strain these ‘micro- 
scopic’ shears then facilitate a relaxation of stress. 

A diagrammatic representation of the shear 
displacement occurring in a small crystal cube 
(which may represent a grain in a polycrystal) is 
shown in fig. 2. An edge dislocation has moved 
from the crystal surface at A along a glide plane 
into the interior to B. The dislocation line bounds 
the area in the glide plane over which slip has 
taken place, i.e. ABC in the plan projection of the 
crystal. The strain increases as the dislocation 
moves further into the crystal; if it moves right 
through then, as is apparent from the sketch on 
the right in fig. 2, the shear strain is b L, where b 
is the Burgers vector of the dislocation and L the 
length of side of the crystal cube. The strain at 
any stage of advance of the dislocation into the 
crystal will be proportional to the slipped area 
swept out by it, and migration from the position 
ABC to ABC will induce a strain equal to 
(b L) (AB’CB L*), where AB’CB is the crescent 
shaped area, and L’* the area of the slip plane of the 
crystal. We see, therefore, that small displacements 
of dislocations can lead to creep as well as to a 
redistribution of internal stresses, resulting in 
relaxation. We now have to consider why the 
dislocations do not traverse the whole crystal once 
they are set in motion by the action of a shear 
stress, t.e. why the dislocations are ‘hung up’ inside 
the grains. 

Now, the requirement of continuity of the 
material in plastic deformation necessitates the 
simultaneous operation of slip on more than one 
slip system, so that dislocations moving on system I 
for example (fig. 3) will be intersected by others 
gliding in systems such as II. As a consequence 
the dislocations will acquire Z-shaped imperfec- 


TABLE 1 Creep and stress relaxation data for 65/35 
alpha-brass polycrystals 
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tions, shown at f in fig. 3, where the slip zone is 
stepped up (or down) by one Burgers vector. A 
complex lattice imperfection is formed at such 
‘jogs,’ and will exercise a frictional drag if the 
dislocation moves under stress. This ‘ploughing up’ 
of the crystal lattice by jogs occurs more readily at 
high than at low temperatures; the activation 
energies associated with the process would be 
expected to be equal to a significant fraction of the 
energy for vacancy migration (Maddin and Cottrell, 
1955; Feltham, 1961b). 


Logarithmic stress relaxation 

Fig. 4 shows part of a dislocation hung up at 
jOgs, 1.e. at points such as 1. The line tension 7” of 
the dislocation (bowed out under an effective 
shear stress ter) tends to move the jog to a position 
of lower internal stress, 2, in a manner analogous to 
the movement of a stone by the rubber arms of a 
catapult. If the energy barrier to the movement of a 
jog is Q it will be reduced by an amount propor- 
tional to ter. The velocity of the jog along 1-2 
will be: 

dx dt—vob exp| (-Q RT) [l-(err =))}} .. . (14 
where x is the distance along 1-2 measured from 1, 
t the time, v, an atomic frequency of the order of 
10'* second, b the Burgers vector of the jog, & is 
Boltzmann’s constant, 7 the temperature in K., 
and ~;(7) a measure of the strength of locking of the 
dislocation containing the jog. The ratio of the 
shear stresses may formally be replaced by that of 
corresponding tensile stresses, so that: 


Teft 7 Sett © 15 


As may be seen from equation (15) and the fact 
that the value of the bracketed ‘activation’ term 
is zero if 


r 


Sent a , ha 16 


a; is numerically equal to the effective stress at 
which the jog would move with the velocity v,b 
without the aid of thermal activation. At very low 
temperatures equation (16) must be approximated 
closely, as is clear from equations (14) and (15). 
We shall assume that at | (fig. 4) the effective 
stress is greater than at 2, in which position the jog 
will remain at rest virtually indefinitely, ser, o 
being comparatively small. As an approximation 
we shall take the stress gradient between | and 2 
to be constant, so that, with x measured in the 
direction of the movement of the defect: 


doere dx — -K = constant 


On multiplying the right- and left-hand sides of 


equations (14) and (17) respectively, also using 
equation (15), integrating the resulting differential 
equation and rearranging, we obtain: 


exp (—serrQ ojRT)—(KQvob ojRT) (t+ v') ..(18 
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6 Temperature-dependence of the upper yield point in 
annealed polycrystalline iron containing 0-1°,, wt. C. The 
temperature-independent part of the yield stress is indicated 
by the horizontal broken line 


where » is a constant of integration. At any given 


temperature therefore: 
sere dlog,,(1 + ve —2°30;kRT/Q...... (19 
Further, if we assume that: 
Sett O =: 0 Vea er wid wae 0 saan 20 


where «; is an ‘elastic’ internal stress opposing the 
applied stress +, and that the variation of o; with 
time is negligible compared with that of co, then 
equation (19) yields the logarithmic law of stress 
relaxation (equation (4)) with: 

S; Me TEE tntseerenatedses 21 


It appears from the work on stress relaxation in 
copper, brasses (Feltham, 196la, 1961b) and iron 
containing 0-1°., C (Feltham, 196lc), that in the 
experiments close to the yield point, >,(7), the 
stress o)(7) is given by: 


“ = « (22 
y is dean are ab Diet aie So aakevie 22 


where is the temperature-independent part of 
s,, indicated in fig. 6 by the horizontal broken line. 


Conclusions 

Values of the activation energies Q deduced by 
means of equation (21) for the metals and alloys 
mentioned lie between } and } eV. (5-10 kcal. gram 
atom), and are thus of the right order of magnitude 
if the migration of elementary jogs is energetically 
akin to the movement of a ‘small’ vacancy. The 
minimum in the Q versus Zn°,, graph in alpha- 
brasses, found at compositions close to Cu,Zn, can 
also be explained satisfactorily in terms of short- 
range order localized near jogs (Feltham, 1961b). 
It may therefore be concluded that the utilization of 
‘microplasticity,’ 1.e. creep and stress relaxation at 
small strains at low temperatures, can yield data 
on the mechanism of deformation and on special 
features of the structure of metals and alloys 
occurring on an atomic scale. 
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Isothermal heat treatment 


ALAN D. HOPKINS, M.Sc., A.I.M. 


It is shown in this article* how the theoretical studies of Davenport and Bain have 
profoundly influenced the practice of heat treatment and it is suggested thai their 
influence may one day extend into the field of mechanical working 


PROBABLY THE MOST IMPORTANT development in 
heat-treatment practice during the past 30 years is 
the discovery and utilization of the data contained 
in the S, IT, or T—T—T curves as they have come 
to be called. Until 1930, when Davenport and 
Bain’s' paper was published, most investigations 
into the hardening of steel were carried out using 
what would now be called continuous cooling 
techniques. Much information concerning the 
depression of the critical points by the addition of 
alloying elements and or by increase in the cooling 
rates had been accumulated, but it was of little 
direct industrial application. 

The technique which Davenport and Bain 
applied was so simple and has become so well 
known that it does not require lengthy description. 
In brief, small specimens are cooled rapidly from 
the austenitic state to a temperature below the A,. 
The progress of the transformation at this constant 
temperature is followed by observing the metallo- 
graphic, volume or magnetic changes which take 
place during the transformation of the metastable 
austenite to pearlite, bainite or martensite. In 
order to reach the transformation as rapidly as 
possible, it is customary to quench the austenitized 
metal into a liquid salt or metal bath. 

The general features of the time—temperature— 
transformation curves for plain carbon steels are 
shown in fig. 1. With increasing amounts of 
carbon up to the eutectoid composition the 
T—T—T curves are moved to the right, 7.e. there 
is a longer induction period before the transforma- 
tion of austenite begins and the M, and M; tem- 
peratures at which transformation of martensite 
begins and ends are depressed. Although data 
relating to the martensite reaction is customarily 
included in the isothermal transformation diagram, 





*Article based by the author on his lecture given at 
the Birmingham College of Advanced Technology last 
January in the series ‘Modern developments in the 
theory and practice of steel heat treatment.’ The author 
is with the Department of Metallurgy of the college. 
Articles based on other lectures in the series will be 
published in future issues of METAL TREATMENT 


it must be remembered that martensite formation 
does not take place at constant temperature. A 
temperature gradient must exist in austenite for 
martensite to form on cooling below the M, tem- 
perature. In hyper-eutectoid steels the depression 
of the M, and M; temperatures increases with 
carbon content, but the induction period for trans- 
formation to pearlitic products is reduced. The 
induction period for transformation to bainite 
(below the ‘ nose ’ of the curve) increases. 

The addition of alloying elements to steel has 
the following effects. All elements except cobalt 
cause the T—T—T curves to be shifted to the 
right, i.e. the transformation takes longer to begin 
and once it has started takes longer to complete 
with increase in alloying element. The bainitic 
region is in general less affected in this way, but, 
with large amounts of alloying element, the bainite 
curve separates itself from the upper part, so that 
for alloy steels we can present fig. 2 as an archetype. 
M, temperatures are only slightly depressed by 
the addition of alloy elements. 
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In the 30 years that have intervened since the 
pioneer American work many developments have 
been made. Transformation diagrams have been 
determined for many steels and the most important 
collections have been published by the Iron and 
Steel Institute,’ the United States Steel Co.* and 
a German organization.’ In addition our under- 
standing of the theory of T—T—T curves was 
greatly widened by the work of Mehl and his school. 
An adequate summary of their application of 
nucleation and growth theory may be found in the 
literature.°.° A direct effect of these studies was 
the recognition of the importance of austenite grain 
size and austenite heterogeneity on the course of 
transformation. Hardenability studies were greatly 
facilitated by the existence of this body of theory 
and practice and, in short, scientific heat treatment 
began with Davenport and Bain’s paper. 

To summarize, the studies of the transformation 
characteristics of steels have shown that all steels, 
whether plain carbon or alloy, behave essentially 
in a similar way. Three modes of transformation 
can be recognized: (1) Transformation at relatively 
high temperatures below the equilibrium trans- 
formation temperature to yield pearlite; (2) trans- 
formation to bainite below the nose of the curve; 
and (3) transformation to martensite at temperatures 
below the M, point. 

The development of each of these structures 
forms the basis of an industrial heat-treatment 
process in isothermal annealing, austempering and 
martempering respectively. Each of these processes 
will be discussed in detail. The cooling cycles are 
shown superimposed on a T—T—T curve in fig. 3. 


Isothermal annealing 

To obtain a sofi structure, annealing or normaliz- 
ing can be carried out on plain carbon steels. The 
development of a lamellar pearlitic structure gives 
favourable machinability properties to hypo-eutectoid 
steels. For alloy steels which are air or oil hardening 
such a process requires a very low cooling rate 
and tempering of the martensitic or partly marten- 
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generally applied, although isothermal annealing 
may be helpful. 

Eutectoid or hyper-eutectoid steels generally 
require a spheroidized structure as opposed to the 
lamellar structure for machinability. This structure 
may, of course, be developed by prolonged sub- 
critical annealing. For example, silver steel will 
require | h.in. of section at 650°C., whereas 
18:4:1 requires heating at 870-890°C. for 
4 h./in. of section followed by furnace cooling. 
Especially with high-alloy steels the quoted times 
may be insufficient to bring about spheroidization 
and, although softening may occur, the material 
may not have optimum machinability. The 
softening of such tool steels for machining using 
orthodox annealing methods is therefore a lengthy 
process and, unless adequate precautions are taken 
such as packing the tools in cast-iron borings, 
decarburization will result. For many such 
materials isothermal annealing is advantageous in 
that it will give a more uniform structure, without 
excessive decarburization, in a shorter time (e.g. 
file blanks). Typical conditions of isothermal 
annealing are given in table 1. 


TABLE 1 Recommended conditions for isothermal annealing 


Austenitize! Transform 





min Cc h. C. 
Silver steel ‘ 15 at 800 3 at 680 
10°., W hot die steel 15 at 880 14 at 650 
High carbon high chrome 15 at 880 3 at 710 
18 : 4: 1 high-speed steel 15 at 900 | 1 at 750 


The above conditions specify a short time of 
austenitizing at a relatively low temperature. 
Payson’ recommends that the higher the austenitiz- 
ing temperature the greater the tendency for a 
lamellar structure to be formed. He states that, 
to develop the softest condition, austenitizing should 
be carried out at not greater than 40°C. above 
the critical range and transformation at 40°C. 
below the critical. Cooling from the austenitizing 
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3 Isothermal heat treatments 


must be rapid. Rapid cooling is permissible after 
transformation is complete. Preheating of 0-7- 
0-9°., C and low-alloy steels for several hours at 
10 C. below the critical minimizes the formation of 
lamellar pearlite. The development of the 
spheroidal structure in hypo-eutectoid steels is 
inhibited by aluminium deoxidation.* In general, 
the spheroidite structure is promoted by austenite 
inhomogeneity. Of course, the spheroidal struc- 
ture is not always desirable in hypo-eutectoid 
steels, but for cold heading, turning and boring 
operations it is generally considered preferable to 
the lamellar product. 


In practice, isothermal annealing is best carried 
out by using salt baths, but muffle-furnace practice 
can be modified to give acceptable results under 
certain conditions. By cooling from the austenitiz- 
ing temperature to a _ subcritical temperature, 
holding for the necessary period and then cooling, 
a satisfactory cyclic anneal can be produced. 
However, the thermal lag of a loaded muffle furnace 
might possibly prevent this attainment of the ideal 
conditions of a short austenitizing period, followed 
by rapid cooling to the annealing temperature. 
Furthermore, the salt bath will prevent decar- 
burization—an extremely pertinent advantage for 
a hardened and finished tool which must be 
softened for machining without destroying the 
surface, e.g. nail-gripper dies made from carbon- 
chromium steel. 


In short, isothermal annealing may be more 
rapid than the orthodox furnace annealing process 
and, even if it is unpractical to carry out the process 
under the ideal conditions using salt baths, the 
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application of the principles of the process to 
cyclic annealing may be economically and tech- 
nically advantageous. For this purpose the pub- 
lished T—T—T curves may not be helpful, since 
austenite inhomogeneity is not generally fostered 
under the conditions of their determination. 
Generally the possibility of spherodite formation 
is ignored in published T—T—T curves. How- 
ever, they give a guide to temperatures and times 
of transformation. 


Austempering 

For all steels, the lower the temperature of trans- 
formation below equilibrium the harder the 
structure produced. Within the range between the 
M, temperature and the nose of the T—T—T 
curve, the hardness of bainite obtained at a par- 
ticular temperature of transformation is roughly 
equal to that of martensite tempered at the same 
temperature. At a given hardness the bainitic 
structure is more ductile and tougher than tem- 
pered martensite. The endurance limit of aus- 
tempered springs is the same as that of hardened 
and tempered springs.” In this country the 
process is generally confined to carbon steels 
containing 0-6-1°,, carbon austempered at 250- 
330 C. for j-1 h. in a nitrate-nitrite salt bath 
depending on the hardness required. Certain 
users of the process find that austempered springs 
have a lower elastic limit than tempered martensite 
of the same hardness, but others find no difference. 
When carbon steels are used, the process is restricted 
to sections of less than 0-125 in. 

It would appear that the use of alloy steels of 
higher hardenability would remove this limitation 
of small section and enable superior properties to 
be realized with less distortion than is obtained by 
oil quenching followed by reheating for tempering. 
Here again a difference of opinion exists, for it 
appears that low-carbon alloy bainites are more 
brittle than tempered martensite unless the bainitic 
structure is subsequently tempered. It may be 
that, while alloy bainites are not inherently brittle, 
incomplete transformation to bainite is obtained, 
and on cooling to room temperature a mixture of 
bainite and untempered martensite is found. 
Additionally, austempering temperatures are within 
the range where ‘ 350° embrittlement’ occurs and 
this may contribute to erratic results. 

Probably the field of application of austempering 
is inevitably restricted to carbon steel, since either 
long transformation times or the need for sub- 
sequent tempering treatment would make the 
process too long and too costly, bearing in mind 
that two or three times the duration of treatment 
prescribed by the diagram should be allowed. 
However, the list of profitable applications of 
austempering includes small springs and clips, 
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typewriter parts and hand tools. In this last 
group there is probably still scope for many more 
applications. 

Generally, although low-carbon alloy steels have 
not provided amenable to austempering, an aus- 
tempering process has been applied to 18:4: 1, 
6 : 6 and 5°,, cobalt high-speed steels'’ to produce 
tougher tools. The treatment is lengthy and 
consists of hardening at 1,260-1,300°C. for the 
appropriate time followed by quenching at 260°C. 
and holding for 4 h. followed either by the custo- 
mary double secondary hardening or by reheating 
to 560°C. for 4 h. followed by a further 4-h. treat- 
ment at 260°C. with subsequent double secondary 
hardening. The complete heating cycle is shown 
in fig. 4. For 12°, cobalt high-speed steel the 
austempering temperature is 205°C. 

The above treatments are, of course, expensive 
due to the increased number of processes and their 
duration. In addition to increased toughness, 
improved tool lives are claimed, but whether on 
balance the process is worth while is doubtful, and 
the author is not aware that it is used in the United 
Kingdom. It may be concluded that austempering 
is largely restricted to high-carbon steel com- 
ponents, inevitably of thin section where enhanced 
properties can be obtained with less distortion. 

In practice, austenit zing is usually carried out 
in a muffle furnace having a protective atmosphere 
and the transformation process in a nitrate-nitrite 
salt bath at 250-350°C. The times of treatment 
at a particular temperature can be roughly deter- 
mined by reference to the appropriate T—T—T 
curve, but caution is necessary to take into account 
the possible effects of grain size and tramp elements 
in prolonging the transformation times by a factor 
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of two or even three. Deficiencies in hardenability 
may be overcome by increasing the austenitic 
grain size through an increase in austenitizing 
temperature. 


Martempering 

The problem of minimizing distortion is probably 
the most pressing and persistent of all that face 
the metailurgist. Of all the incidental advantages 
that an understanding of T—T—T curves has 
brought, the introduction of the martempering 
process has probably been the most beneficial. 
The process consists of heating to the hardening 
temperature and quenching into a salt bath held 
at a temperature just above the M, temperature 
until the temperature throughout the component 
has been equalized. The formation of martensite 
takes place on subsequent air cooling at the same 
time in all parts of the component. The process is 
simple and only the following conditions are 
important: 

1. The austenitizing operation must be carried 
out correctly. 
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6 Diagram of cooling rates in various quenching media 


2. The rate of cooling to the martempering 
temperature must be sufficiently rapid to prevent 
transformation during cooling. 

3. The duration of holding at the martempering 
temperature must be as short as consistent with 
the equalization of the temperature of the com- 
ponent. 

The adoption of martempering for heat treatment 
is usually successful if the component can be 
satisfactorily hardened by oil quenching. Although 
the M, temperature of steels varies with com- 
position, the most important factor affecting M, 
temperature is the carbon content. The M, 
temperature of most En steels is 350-250°C. 
except for En 42 and 44 spring steels and En 31 
ball-bearing steel, which have M, temperatures of 
200°C. This is borne out by inspection of the 
empirical formulae which have been established. 
For instance, Nehrenberg’s" formula: 

M, (°C.) 500 -300 C -33 Mn -22 Cr -17 Ni 
-11 Si -11 Mo. 
It should be emphasized that this formula will 
give incorrect results for higher-alloy steels, e.g. 
tool steels, where incomplete solution of alloy 
carbides occurs. 

In practice, a quenching temperature of 250°C. 
is satisfactory for most En steels, both heat treating 
and case hardening, although for low-alloy steels 
such as En 18, it may be necessary to reduce the 
martempering temperature to 200-220 C. to avoid 
transformation to softer products above the nose 
of the curve. Distortion occurring on martempering 
at 200-250°C. may be overcome by transforming 
at 300°C. particulariy with tool steels such as 
2°, carbon 12°,, chromium, which have a long 
induction period at these temperatures. It must 
be appreciated that the initial rate of cooling in 
the salt bath may be greater than in oil quenching 
where the production of the vapour cushion reduces 
the thermal shock. 

Martempering is carried out either in a hot oil 
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bath at a maximum temperature of 230 C. or in 
nitrate-nitrite salt bath. The oil bath, on account 
of its instability and inflammability, is less favoured 
than the more costly salt bath, which is simple, 
safer and can be operated at higher temperatures. 
Austenitizing can be done in muffle furnaces or 
in a chloride salt bath. Contamination of the 
martempering salt by chlorides will lead to eventual 
reduction in quenching power. The solubility of 
chloride heat-treatment salt in a nitrate-nitrite salt 
is shown in fig. 5. Consequently a feature of such 
installations is a salt separating chamber main- 
tained at a lower temperature in which a proportion 
of the chlorides are rejected from the solution. 

In German practice, continuous separators are 
not fitted, but periodically the salt is baled out 
into a conical mould when the denser chloride 
particles settle to the bottom of the cone and can 
be broken away from the remainder. The addition 
of 0-5°,, sodium chromate is stated’® to overcome 
the chloride contamination and to restore quenching 
power. 

The quenching power of a nitrite-nitrate salt 
bath is equivalent to that obtained in a well-agitated 
oil quench.” An increase in quenching rate can be 
achieved by the addition of 1°,, water to the salt 
bath. These effects are illustrated in fig. 6. This 
procedure may sound dangerous, but is accom- 
plished quite safely by directing a metered fine jet 
on to the agitator shaft of the bath. The process 
involving the addition of water is regularly in use 
in this country to reduce distortion of water 
hardening chrome-vanadium tool steel parts. Mar- 
tempering at 200°C. gives a hardness of Rc 61-62. 
Analytical control of the water content of the salt 
can be achieved by measurement of the depression 
of freezing point of the salt as illustrated in fig. 7. 

Many examples could be quoted of the regular 
use of martempering to reduce distortion and give 
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uniform hardening conditions. For example, the 
hardening of En 35 case-hardened automobile 
gears, tools and dies, and roller-bearing cases."* 
The technique is of proven reliability and there 
must certainly be many more heat-treatment 
operations that would benefit from its introduction. 


Recent developments 

The modified Sulfinuz process. The 1.C.1. Sulfinuz 
process involves treatment of steels or cast iron 
in a cyanide nitriding bath containing sodium 
sulphide at 570°C. for periods of up to 2h. The 
results of service and laboratory tests, combined 
with the experience of users in diversified fields of 
application of the Sulfinuz process, have shown 
that the high hardness normally obtained by case- 
hardened components is not necessary to prevent 
scuffing and give good wear resistance, particularly 
under conditions where lubrication is difficult. 

However, certain moving parts in contact may 
require high strength which would be lost by 
Sulfinuz treatment at a relatively high temperature. 
In an attempt to provide the advantages of the 
scuffing resistance of Sulfinuz treatment at the 
same time as developing a reasonable hardness, 
a modified Sulfinuz process that has been investi- 
gated involves austenitizing at the appropriate 
temperature and quenching into a Sulfinuz bath 
at 570°C. for 2 h. followed by air cooling. 

By the use of such steels as En 17 (035 C 1} Mn 
0-4 Mo) or carburized En 34 (1? Ni 0-25 Mo), 
which have a long induction period at 570 C., 
austenite remains substantially untransformed to 
harden on subsequent air cooling. For En 17, 
a surface hardness of Rc 38-40 resulted from this 
type of treatment. The fatigue strength (Avery 
plane bend test) was 37-5 ton sq. in.—sub- 
stantially higher than the fatigue limit of En 17 
quenched and tempered at 570°C. Amsler Wear 
tests carried out at a load equivalent to 21-5 ton 
sq. in. showed that, in spite of the lower hardness 
Re 42 as compared with Re 53), the Sulfinuz- 
treated test pieces showed no scuffing after 10° 
revolutions in the test, whereas the quenched 
specimens of En 17 and En 34 had scuffed badly 
after only 10* revolutions. 

The results of these tests indicate that the 


process is promising and suggest that this type of 


treatment might be of wide application, particularly 
for gears. A further important question that 
arises is whether the engineering maxim that hard 
surfaces are required for wear resistance does not 
require reappraisal. ; 
The ‘Ausforming’ process. The modified Sulfinuz 
process is an illustration of utilizing the prolonged 
neriod of metastability of austenite in certain 
tenverature ranges to carry out surface treatments. 
In the ‘Ausforming’ process (a Ford trade mark 
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steels having a similar type of T—T—T curve are 
plastically deformed in the temperature range 
430-570 C. and subsequently quenched. Using 
steels containing 0-48°,, C, 3°,, Cr, 1°5% Ni, 
0-75°,, Mn, 0-5°,, Mo, 1:5°,, Si, Schmatz, Shyne 
and Zackay'’ showed that increasing the amount 
of reduction brought about an increase in U.T.S. 
and yield strength with a corresponding reduction 
in ductility. However, strengths of 150 ton sq. in. 
could be obtained in these materials, while still 
retaining a measure of ductility. 

Other workers'* have confirmed the increase in 
strength obtained by working at sub-critical tem- 
peratures and have noted an increase in toughness. 
The increased strength is ascribed to the production 
ef finer martensite plates in deformed austenite. 
The rate of transformation of deformed austenite 
is greater'* than the undeformed material. One is 
tempted to speculate whether such a process could 
be adopted on a commercial scale. It is conceivable 
that it could be used for the production of small 
forgings followed by direct quenching or perhaps 
in the drawing of higher-strength wire when the 
coil and die could be submerged in a salt bath. 

In conclusion, it has been shown how the 
theoretical studies of Davenport and Bein have 
profoundly influenced the practice of heat treatment 
and it is suggested that their influence may one day 
extend into the field of mechanical working. 
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Estimating critical 
ranges in heat 
treatment of steels 


Formulas are proposed for calculating the upper and 
lower critical temperatures from the chemical com- 
positions of medium carbon and low-alloy steels. 
Mean deviations of measured values from calculated 
values are between 5°., and 6°... (N8, 2-60, CN 
AY.) This article is reproduced from Metal Progress, 
April, 1961. The author, R. A. Grange, is Senior 
Scientist, Edgar C. Bain Laboratory for Fundamental 
Research, United States Steel Corp., Monroeville, 
Pa., U.S.A. 


WHEN HEAT TREATING STEEL, it is often helpful and 
sometimes essential to know the upper and lower 
critical temperatures to within a few degrees. Since 
it is somewhat difficult to measure these two tem- 
peratures in a particular steel, the metallurgist 
usually has recourse to tabulations of Ac, and Ac, 
temperatures which appear in various handbooks. 
However, there is a drawback to this procedure. 
Though such tables include values representative of 
each standard type of steel, they do not reveal the 
variation to be expected from differences in composi- 
tion among individual heats of each grade. And it 
is also helpful to be able to estimate reliably the 
lower and the upper critical temperatures from the 
composition of any heat of steel, whether it is a 
standard type or not. 

Because these temperatures depend primarily 
upon chemical composition of the steel, we have, 
over a period of years, determined the upper and 
the lower limits of austenite formation for a great 
number of heats representing over 50 different 
compositions. After collecting and statistically 
analysing these data to reveal the quantitative effect 
of each of the principal alloying elements, we have 
been able to combine the individual effects in the 
form of empirical formulas. 


Terminology 

Before discussing these formulas, we should con- 
sider the question of terminology. When the lower 
and upper limits of austenite formation in hypo- 
eutectoid steels are measured by continuously heat- 
ing at some specified rate, they are called ‘Ac,’ , and 
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‘Ac,,’ respectively. In either instance, the tempera- 
ture which is determined varies with the rate of 
heating. It is lower with slower heating rate, the 
closest approach to equilibrium being attained when 
the steel is heated at the slowest possible rate. 

A less-tedious method, which yields essentially 
the same value, consists of holding specimens at 
each of a series of constant temperatures for varying 
periods of time up to several hours (or at least until 
doubling the holding time causes no appreciable 
change in the amount of austenite formed), and 
then quenching to room temperature. The lower 
and upper limits of austenite formation determined 
by this isothermal technique have usually been 
designated ‘Ae,’ and ‘Ae,,’ subscripts ‘1’ and ‘3’ 
referring to the A, and A, lines of the iron-carbon 
phase diagram. 

However, there are ambiguities. In steel which 
contains three or more elements, the A, can become 
a three-phase field. Furthermore the ‘ec’ implies 
true equilibrium conditions which are rarely if ever 
attained in steel of commercial purity. For these 
reasons, we propose to use the symbols ‘A,’ and 
‘A; in this article. In accord with the well- 
established use of ‘ M,’ and ‘ M;’ (to denote the 
temperature range of martensite formation), ‘A,’ is 
defined as the temperature at which a barely 
detectable amount of austenite forms during pro- 
longed holding at constant temperature and ‘A,’ is 
the temperature at which the last trace of ferrite 
transforms to austenite on prolonged isothermal 
holding.* Practically speaking, therefore, A, con- 
stitutes a ‘ ceiling ’ for tempering and A; a ‘ floor’ 
for austenitizing hypoeutectoid steel. 


Calculating the formula 

From data representing the effects of manganese, 
silicon, nickel, chromium and molybdenum, we 
developed formulas for estimating the upper and 
lower critical temperatures. To do this, we first 
plotted, for each element, the percentage amounts 
of alloys against the resulting A, and A; tempera- 
tures. The curves which we obtained showed that 
both temperatures changed a given amount with 
each additional percentage point of alloying element. 
(For example, the A, temperature dropped about 
25°F. with each per cent. of manganese; therefore, 
the formula for calculating the upper critical 
temperature includes the factor, ‘-25 = °,, Mn.’) 

Of course, this method requires a straight-line 
relationship, and the quantitative effect of each of 


*It would be desirable from the fundamental standpoint 
to define A; as the minimum temperature for total 
austenite formation. However, this leads to the experi- 
mental difficulty of measuring the exact temperature at 
which the last trace of carbide dissolves in austenite, a 
test that is difficult, if not impossible, to do. Thus, A; 
as defined above has little or no significance in respect to 
the heat treatment of hypereutectoid steels. 
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these elements on either A, or Ar; is usually not 
directly proportional to its weight percentage. 
However, over a limited range for each element, 
only a small error results from assuming direct 
proportionality. The combined effect of phos- 
phorus, sulphur and residual elements is assumed 
to be small; hence it can be neglected without 
appreciable error. Furthermore, molybdenum, at 
least in percentages less than 0-50, had no effect 
upon cither A, or A;. Consequently, neither 
formula requires a factor for molybdenum. 
On this basis, A, can be related to the chemical 
composition of a steel as follows: 
A.( F.) = 1,333 -(25 « °, Mn) + (40 
- (26 x % Ni) + (42 x % Cr) 
Unlike A,, the upper critical temperature is 
markedly influenced by carbon content, the effect 
if carbon being indicated by the slope of the A, 
line of the iron-carbon phase diagram. Over the 
0:3-0-6°,, C range, A; is lowered very nearly in 
direct proportion to the weight percentage of 
carbon. This enables us to express the effect of 
carbon—in steels containing 0-3-0-6",, C, of 
course—in simple mathematical terms. When this 
effect is combined with the effects of individual 
alloying elements, the following formula results: 


Si 


Ar(°F.) = 1,570 - (323 x °, C)-(25 x °% Mn) 
+- (80 x °, Si)- (2 Ni) - (3 Cr) 


Some limitations of the formulas 

Since both formulas are based upon the assump- 
tion that the effect of additional elements upon A. 
and A; is directly proportional to the weight per- 
centage and also that the individual effects are 
algebraically additive in steel containing several 


TABLE 1 Comparison of measured and calculated A, and A 
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alloying elements, the formulas are easy to calculate. 
However, they require the following compositional 
limitations: 0-3-0-6°,, C; 0-2°, Mn; 0-1°, Si; 
0-3-5°,, Ni; 0-1-5°, Cr; and 00-5°, Mo. 
Fortunately, this composition range covers many of 
the standard A.I.S.I. low-alloy steels, several of 
which are listed in table 1. In this table, the 
measured and calculated values were rounded off 
to the nearest 5 F. in accordance with the probable 
experimental error to be expected in measurement. 
This is usually permissible because, as can be seen 
in the tab'e, greater precision is not justified. 

Although the calculated values of A, differ from 
the measured values by as much as 15°F. in one 
instance, the mean deviation is only 5°F. with about 
as many calculated values on the high side as on the 
low side. Calculated values of A; differ from the 
measured values by as much as 25 F. with a mean 
deviation of 6 F. Both critical temperatures, 
especially A;, are influenced by segregation which is 
always present to at least some extent in commercial 
steels. Unfortunately, this factor, which may 
explain why the calculated value occasionally differs 
considerably from the measured value, cannot be 
readily evaluated. 

When we tried to extend these formulas to steel 
compositions outside the recommended range, our 
calculated results became more unreliable with 
increasing alloy content. For reasons already 
discussed, it does not seem possible to develop one 
simple formula which would be satisfactory for all 
types of ferritic steel. Within the specified com- 
position limits, however, these empirical formulas 
appear to be sufficiently reliable to be useful in 
planning heat treatments. 


temperatures 














Ag Ar 
A.1.S.I. Cc Mn Si Ni Cr Mo 
Number Measured Calculated Measured | Calculated 
F F. F. F. 
C 1031 0-35 0-37 0-21 _ — — 1,330 1,330 1,470 1,465 
C 1045 0-47 0:57 0-20 — — — 1,330 1,325 1,420 1,420 
C 1065 0-63 0-87 0-22 _ a — 1,325 1,320 1,355 1,360 
1335 0:35 1-85 0-19 —_ _— —_ 1,295 1,295 1,430 1,425 
1340 0-42 1-58 0:30 — — — 1,300 1,305 1,420 1,420 
2340 0-37 0-68 0-21 3-41 — — 1,225 1,235 1,350 1,340 
3140 0-38 0-72 0-21 1-32 0-49 1,305 1,310 1,390 1,400 
4037 0-35 0-80 0-24 — — 0-25 1,315 1,320 1,465 1,455 
4047 0-48 0-94 0-16 — — 0-25 1,315 1,315 1,405 1,405 
4130 0-33 0-53 0:27 — 0-90 0-18 1,355 1,370 1,465 1,470 
4140 0:37 0-77 0-15 _ 0-98 0-21 1,365 1,360 1,445 1,445 
4150 0-44 0-95 0-23 _— 0:93 0-21 1,350 1,355 1,425 1,420 
4340 0-42 0-78 0-24 1-79 0-80 0-33 1,300 1,310 1,375 1,375 
4640 0-36 0-63 0-19 1-84 — 0:23 1,280 1,275 1,395 1,395 
5140 0-42 0-68 0-16 —_— 0-93 —_ 1,360 1,360 1,425 1,445 
8630 0-30 0-80 0-29 0-54 0-56 0-21 1,330 1,335 1,450 1,460 
8650 0:50 0-77 0-22 0-60 0-51 0-2 1,325 1,330 1,385 1,385 
8742 0-44 0-90 0-25 0-44 0-54 0-22 1,320 1,330 1,435 1,410 
86 B 50* 0-50 0-77 0:23 0-60 0-50 0-21 1,325 1,330 1,395 1,390 





*Possible effect of 0-0016 





B was neglected in the calculation 
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Low-temperature ageing of 
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iron 


and low-carbon steel 


IVAN HRIVNAK 


A study* of the low-temperature ageing of pure iron and low-carbon steel has shown 
the mechanism of precipitation of the mitrides. New data on the precipitation of 
oxides of iron were also obtained. In particular, precipitation of the oxides led to 
definite experimental confirmation of the dislocation model of the high-angle grain 
boundaries, as a synthesis of parallel Burgers boundaries. By a further study of 
these boundaries on thin foils of aluminium it has not yet, however, been possible 
to prove this model experimentally 


continued from last month 


Precipitation of iron oxides in the pure iron 
IN ORDER to obtain data on the precipitation of 
oxides, we had to study them above the range of 
stable existence of the nitride precipitates. 

For the study of the iron oxides a temperature of 
750°C. was chosen. Specimens of the high purity 
iron were homogenized for two hours at 1,200°C. 
in an inert atmosphere and then quenched in water. 
By means of collodion extraction replicas it was 
determined whether the oxide particles were 
dissolved. In order to guard against any doubts 
whether oxide particles might not precipitate in 
the interval between quenching and preparation of 
the specimen, the time between quenching and 
preparation of the collodion, extraction replica was 
less than four minutes. As a result of the heat 
treatment carried out, in view of the low cooling 
rate the structure was ferritic. It was established 
objectively that the majority of the oxide precipi- 
tates were dissolved, and fig. 13 is a photograph of 
the least favourable area, i.e. that with the greatest 
number of particles. After this homogenization 

» effect of the multi-step boundaries was most 

1arkedly recognizable. The majority of the 
individual oxide precipitates were liberated at these 
boundaries, as is indicated by the arrows. 

Then the homogenized specimens were heated in 
a salt bath to 750°C., and were held at this tempera- 
ture for two and 10 min. and one and 50 h., with 
subsequent quenching in water. After two minutes 
no essential changes in the nucleation of the oxide 
precipitates were established by comparison with 





the homogenized state. Even after heating for one 
hour there is incomplete nucleation and growth of 
oxide particles, which were identified by electron 
diffraction as «—Fe,O, (table 3). Fig. 14 charac- 
terizes the morphology of these particles in the 
vicinity of a boundary between ferrite grains. By 
means of etching on the [100] plane it was possible 
to show that the Fe,O, particles precipitate in the 
[100] planes of the «-iron, and form the most 
concentrated zone at the grain boundary. After 
heating for 50 h. at 750°C., almost all the lines of 
the orthorhombic 2—Fe,O, were already revealed 
(table 3). Morphologically in fact, the formations 
were very marked and modified in the vicinity of 
the grain boundaries. In fig. 15 may be seen a 
multiple line of oxide particles, which change their 
orientation in the vicinity of the grain boundary. 
There is a similar occurrence in the further fig. 16. 
Both specimens may be compared with the clearly 
marked, multi-step boundaries, which were pub- 
lished in an earlier work." 

During the low-temperature ageing of the 
Johnson, Matthey iron only very isolated carbide 
precipitates were found. This is because part of the 
atoms of nitrogen in the nitrides can be replaced by 
atoms of carbon, thus forming similar carbonitrides, 
and also because the carbon content in this iron 
was exceptionally low. 


*First publication. Translated by M. de O. Tollemache. 
The author is with the Welding Research Institute in 
Bratislava, Czechoslovakia. The first part of the article 
was given in last month’s METAL TREATMENT and is con- 
cluded in this issue. 
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Low-temperature ageing of the commercial 
steel, CSN 11370-3 

In order to establish whether the resulis obtained 
during the ageing of spectrographically pure, 
Johnson, Matthey iron have general validity, 
experiments were initiated to study the low- 
temperature ageing of commercial steel to speci- 
fication CSN 11370-3 also. Specimens of this steel 
were austenitized at 950°C. for 4 h. with subsequent 
cooling in air to about 700°C., followed by quench- 
ing in water. Material heat treated in this way was 
then aged for 10 min, 1. 19, 50 and 100 h. at tem- 
perature of 100, 200 aad 300°C. 

1. Ageing at 100°C. After heating for 10 minutes, 
by comparison with the initial, normalized state 
no substantial changes were discovered in the 
structure of the material. Only the boundaries of 
the mosaic structure were for the most part marked 
out by plate-like precipitates, which could be 
e-Fe,C. Their morphological configuration is 
indicated in fig. 17. Even after heating for one 
hour no spontaneous precipitation was detected. 
After heating for between 10 and 50 h. it becomes 
possible to identify characteristic, rod-like or 
moderately plate-like, precipitates, which have 
nucleated in the same way as in the pure 
iron at the lattice defects. After heating for 100 h. 
no substantial changes took place by comparison 
with the structure after heating for 50 h. 

A typical example of the precipitation in the 
ferrite is shown in fig. 18. Pronounced, preferen- 
tially plate-like, precipitates are formed at the 
grain boundaries and at the boundaries of the 
mosaic structure. While the distances between the 
precipitates at the boundaries of the mosaic struc- 
ture vary around 800-1,000 A (fig. 18), to which 
there are corresponding differences in the angles 


TasLe 3 Reflections for x—-Fe,O, in pure iron 


1,200 °C. 2h.) water 
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between the blocks of 20-15 min., the distances 
between the precipitates at the grain boundaries 
vary around 50-100 A. Since the grain boundary 
in fig. 18 is formed as a simple, Burgers boundary, 


*so the relative difference in the orientation of the 


1,200°C. 2 h. water 


grains is 3 2-3°. 

Apart from precipitates at the boundaries of the 
grains and the mosaic structure, it is possible to 
identify marked formations of complex lines of 
e~Fe,N. The mechanism of the formation of the 
nitride precipitates will be similar to that in fig. 6. 

Accurate identification of these nitrides is difficult, 
since electron diffraction by back reflection cannot 
be used on account of masking by the pearlitic 
cementite, and the quantity of particles for trans- 
mission diffraction in extraction replicas is too small 
to obtain satisfactory reflections. On this account 
it is possible to judge only from their morphological 
similarity that these particles are <«-Fe,N nitrides, 
though the plate-like precipitates at the boundaries 
of the grains and of the mosaic structure could also 
be <-Fe,C. 

2. Ageing at 200°C. At 200°C. it was possible to 
identify the first precipitates after heating for only 
10 min. But the precipitation is spontaneous, and 
does not pinpoint the lattice defects or dislocations, 
as applied at 100°C. Nor are the boundaries of the 
mosaic structure demarcated. During subsequent 
ageing formation of characteristic platelets occurs, 
whose morphology after heating for 50 h. is shown 
in fig. 19. Precipitation of these platelets ceases after 
heating for 100 h. From the morphological aspect 
it is probably a matter of a transition from -—Fe,N 
through <-Fe.N to «"-Fe,,N,. 

3. Ageing at 300 C. In the same way as at 200°C., 
precipitation starts after heating for only 10 min. 
in the form of fine, plate-like particles which have 


“ASTM «FeO, 



































750 C. 1 h. water 750°C. 50 h. water 
No. = 
dA Intensity dA Intensity dA II, 
l ae — 2-71 m.w ay 2:71 100 
2 2-64 w. diffuse 4 a — 2-55 70 
3 _— _ 2-35 w 2-35 10 
4 2-12 w. diffuse — — gi 2:21 50 
5 —_ — 2-09 m.w 2-08 10 
6 _ — 1-84 “ 1-85 80 
: nes on 1:70 =| m.w 1-70 100 
8 1-58 s. diffuse 1-61 | we 1-61 50 
*Bohm and Ganter, Z. Krist., 1928, 69, 19. 
Intensity: v.s., very strong; m.s., medium strong; s., strong; m.w., medium weak; w., weak; v.w very weak. 
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13 Structure after homogenizing at 1,200°C. for 2h. and 14 Precipitation of 1-Fe,O, after heating for one hour at 


quenching in water. Collodion extraction replica 750°C. Collodion extraction replica 
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15 Arrangement of the precipitates im the vicinity of a 16 Another arrangement of the particles in the vicinity of a 
multi-step grain boundary. Collodion extraction replica grain boundary. Collodion extraction replica 









17 Arrangement of the precipitates in steel CSN 11370-3. 18 Nitride precipitates in the commercial steel. Carbon 


Carbon extraction replica extraction replica 
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19 Nitride particles after heating for 50 h. at 200°C. Carbon 20 Precipitates of nitrides and oxi Carbon extraction 
replica 


extraction replica 


21 Extracted oxide and nitride particles. Collodion extraction 22 Another arrangement of the oxide particles in the vicinity 
replica of a grain boundary. Collodion extraction replica 


26 Discrete dislocations (precipitations) at a grain boundary 27 Multiple arrangement of discrete dislocations at a grain 
boundary in aluminium foil 


in high purity aluminium (99-999°%,). Thin foil 
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nucleated in the interior of the ferritic grains. It 
appears that during longer periods of ageing, 
mainly above one hour, the particles are once again 
dissolved. It is, of course, possible that the particles 
also grow, so that their total number is diminished. 
The morphology of the nitride particles after heating 
for one hour, even though they are comparatively 
isolated, is shown in fig. 20. In fig. 20 we see the 
junction of several grains, and certain boundaries 
are multi-step. Attention should also be paid to the 
fine, oxide particles, but the regularity of their 
distribution in the [100] planes of the «-Fe is not 
typical of this commercial steel. 

After heating for 50 h. the nitride precipitates can 
be identified only exceptionally, while after heating 
for 100 h. they are already completely dissolved in 
the structure. This means that the temperature of 
300°C. is already the upper limit of the formation of 
the nitride precipitates in this steel, and ageing 
experiments were not therefore carried out at 400°C. 


Electron-diffraction analysis of the com- 
mercial steel 

Study of the nitride particles by means of electron 
diffraction encountered great problems over the 
method to be employed. The back reflection 
method could not be used, since only Fe,C reflec- 
tions were obtained, and during extraction and 
diffraction of the particles their low density obstruc- 
ted the approach, so that it was impossible to 
obtain a reliable spectrum. By means of collodion 
extraction replicas, however, it was possible to 
extract the oxide particles, from which transmission 
diffraction patterns were obtained. 

In fig. 21 is the extraction replica from a specimen 
heated for one hour at 200°C. On the specimen 
presented the boundary of the ferritic grains is 


TABLE 4 Selective diffraction spectrum from the 20u range for x~Fe,O, at 300 ¢ 
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sufficiently clearly visible, and also the irregular 
distribution of the fine oxide particles. Around 
them in the structure there are also acicular, 
e—Fe,N nitrides, and several much coarser particles. 

Precipitation of the oxide particles was studied in 
greater detail at the 300°C. isotherm, at which 
selective diffraction was carried out on extraction 
replicas in the ranges of 20 and 34. The results 
are shown in tables 4 and 5. The results show good 
agreement with those for the «—Fe,O, oxides, as 
tabulated by ASTM. The morphology of the oxide 
particles after heating for one hour at 300°C. is 
characterized by fig. 22. Beside the marked, glo- 
bular formations, in the figure are to be seen 
distinct dark marks of the oxides, and also short, 
rod-like or plate-like, nitride precipitates. 

In general it may be stated that the regularity of 
the orientation of the «—Fe,O, oxides is not as high 
as in the instance of the pure iron, and that their 
integral quantity is greater. This is probably also 
due to the fact that in these commercial materials 
other types of oxides can also occur. 


Hardness measurements 

On the specimens of the high purity, Johnson, 
Matthey iron microhardness measurements were 
made by the Hanemann method after heating at 
100, 200, 300 and 400°C. In each instance the 
average values from 5 measurements are given in 
fig. 23. On the course of the hardness curves two 
maxima may be established: the first, pronounced 
maximum corresponds to the initial state of precipi- 
tation of e-Fe,N, whereas the second to a lesser 
extent reflects the transformation from e-Fe,N 
through ‘-Fe,N into «"—Fe,,N,. 

The pronounced first maximum could only be 
recorded on specimens heated at 100°C., because 









































ASTM 
; 10 min. at 300°C. 1 h. at 300°C. 50 h. at 300°C. 100 h. at 300°C. a—Fe,O, 
= Inten- Inten- Inten- Inten- 
Rew sity dA |i Rao sity dA || Rea sity @A | Res sity dA dA I, 
ws 9:8 m.s. 2:50 9-1 m.s. 2-50 9-7 8. 2-59 9-0 s 2:50 2-51 75 
2 | 1-3 w. 2:20 10-4 w. 2-18 | 10-8 m.s. 2:24 10-0 s. 2:25 | 2:20 18 
3 — _ — 12:2 * 1-86 _ _ —_ 11-5 w. 1:95 1-84 63 
“S. 14-5 s. 1:69 13°5 v.w. 1-68 14-3 w. 1-69 13-3 Ww 1-69 1-69 63 
5 16-3 é 1-50 | 15-25) mz-s. 1-49 -- —- = 15-1 v.w. 1:49 1-49 50 
ws 16-9 m.s. 1-45 15-7 m.s. 1:45 16°7 m.s 1:45 15°5 $ 1-45 1°45 50 
7 18-0 v.w. 1:35 16-7 v.w. 1-35 _ _ _ _— _ _ 1-35 3 
re 20-5 m.s. 1-19 19-1 w. 1-19 _ _ _ _ _ —_ 1-19 8 
Intensity: v.s., very strong; m.s., medium strong; s., strong; m.w., medium weak; w., weak; v.w., very weak. 
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it lies in the vicinity of 10 min. On the remaining 
specimens this maximum lies between 0 and 10 min. 
heating time. 

For the specimens which were heated at 400°C. it 
is impossible to interpret the hardening sequence, 
since the temperature of 400°C. is outside the range 
of the stable existence of the nitride precipitates. 
On this account there remains only the precipitation 
of the oxides to explain the effect of hardening 
after 10 min. heating. 

The microhardness sequence was also measured 
on the commercial steel to specification CSN 
11370-3, and the values are shown in fig. 24. At 
100°C. the maximum after heating for one hour 
corresponds to the initial state of precipitation of 
e~Fe,N, for these particles had not yet been mor- 
phologically recorded. In accordance with the 
morphological study, formation of «"-Fe,,N, does 
not occur even after heating for 100 h., and there- 
fore no second hardness maximum is revealed. 
At 200°C. the first maximum occurs before the 
elapse of 10 min. heating, for definite precipitates 
were already observed. It is probable that the 
maximum hardness value of the ferrite is greater, 
but lies between 0 and 10 min. At 200°C. after 
heating for 50 h. it is possible to establish a definite 
growth in hardness connected with the trans- 
formation from -«-Fe,N through ‘<-Fe,N to 
x”~Fe,,.N,. 

At 300°C., in accordance with the morphological 
study, no particularly marked changes in the 
hardness sequence occur. 


Discussion 
Earlie: it was assumed that precipitation of the 
nitrides from a supersaturated solid solution of iron 


TaABLe 5 Selective diffraction spectrum from the 31 range for x—Fe,O, at 300°C. 
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23 Microhardness curves of specimens of the high purity iron 
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and nitrogen starts with «"—Fe,,N., which then 
transforms into the cubic y’-Fe,N. This opinion 
was mainly defended by Jack,'’:*:'*:'5 who 
assumed that in the Fe-N system «"—Fe,,N, corre- 
sponds to the hexagonal «-Fe,C. 

During the low-temperature ageing of the high 
purity, Johnson, Matthey iron it was established 
that at temperatures of 25, 100, 200 and 300°C. 
precipitation starts with the hexagonal nitride 
e-Fe,N, and that after longer periods of heating 
this nitride transforms through the phase <-Fe,N 
into «"—Fe,,N, and finally into the stable form 
y'-Fe,N. 

At a temperature of 100°C. precipitation of 
e-Fe,N starts after heating for only 10 min. The 
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24 Microhardness curves of specimens of steel CSN 11370-3 


first particles of «-Fe,N are coherent with the 
a—Fe. And although these relationships in orienta- 
tion were obtained only from the morphological 
studies, it is possible to check and confirm them. 
The first particles of «-Fe,N are also parallel with 
the lines of oxide precipitates. Concerning the 
particles of «"—Fe,,N, it is known from the litera- 
ture®, 14, 16,17,18 that they are coherent with the 
[100] planes of the 2-Fe. But these nitride precipi- 
tates are parallel with the lines of oxide particles. 
Therefore the particles of =—Fe,N are also coherent 
with the [100] planes of the «Fe. Morphologically 
this coherence was established by means of etching 
the ferrite on the [100] plane. 

The «-Fe,N precipitates nucleate at the dis- 
locations and other lattice faults. This nucleation is 
also pronounced on the boundaries of the mosaic 
structure (veining). In the further phase of heating 
the relationships in the orientation are disrupted, 
and the initial transformation from «-Fe,N into 
<-Fe,N takes place. Finally, the transformation of 
<-Fe,N into «”"—Fe,,N, will proceed. It is interesting 
that the precipitation of -—-Fe,N does not start at the 
grain boundaries. This could mean that the areas 
of the ferrite grain boundaries are not areas with a 
high concentration of nitrogen. But it is also 
possible that, precisely because the grain boundary 
areas are areas with a high value of free energy, the 
atoms of nitrogen are not forced to pass into the 
precipitates, and that even after spontaneous pre- 
cipitation the nitrogen atoms are therefore contained 
in the grain boundary areas, which are thus areas 
with an increased concentration of interstitial ele- 
ments. This was, in fact, suggested by Tsou, 
Nutting and Menter,° in interpreting the discovery 
of y-Fe lines from quenched specimens. The 
appearance of y—Fe lines at the grain boundaries 
they explained by the fact that austenite continued 
to exist at the boundaries under the influence of the 
high nitrogen content in areas, for it is a strong 
austenite-forming element. In the present study, 
in no instance did we detect »—Fe lines in specimens 
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heat treated in a similar way, and it may rather be 
considered as proven that the concentration of 
nitrogen in the grain boundary areas is not higher 
than within the grains themselves. 

Very convincing data were obtained concerning 
the precipitation of oxides, in particular concerning 
their modified, morphological configuration in the 
grain boundary areas. These oxide particles form in 
the grain boundary areas identical, multiple zones 
to those which were described in an earlier work' 
in which multi-step boundaries were defined. The 
quantity and prominence of the multi-step, ferrite 
grain boundaries, were nevertheless dependent on 
the duration of etching, which was the weak point 
in their interpretation. But in this instance the 
number of steps in fig. 15, for example, is conclusive, 
and is independent of the time of etching, whereby 
it was possible to prove that multi-step boundaries 
are an objective reality, independent of the etching 
of the surface. It is interesting that at each bound. 
there exists a so-called neutral zone about 1,000 
in width, in which no precipitation of oxides takes 
place. At temperatures of 200 and 300°C. also, the 
method of precipitation of the nitrides is similar. 
At a temperature of 300°C. precipitation ends after 
heating for 100 h. with the cubic y’—Fe,N. 

From the results of the study of the precipitation 
of the nitrides and oxides it is possible to provide a 
basis for, and also support, the model of the high- 
angle grain boundaries, which was outlined in our 
earlier work.' High-angle grain boundaries can also 
have a dislocation character. This can be the 
suitable, parallel piling up of several dislocation 
walls, shown diagrammatically in fig. 25. The 
relative difference in orientation between two 
neighbouring walls should not be greater than 
1-2°. The experimental results, however, show 
especially that the modified precipitation of the 
oxide particles has considerable preference for 
this model. And the energies of these boundaries, 
as has been shown experimentally by Hollander®’: ** 
show good agreement with the measured values. 

So far as the model of the high angle grain 
boundaries is concerned, this was obtained from 
indirect experiments on the basis of the effect 
of the multi-step grain boundaries and by the 
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28 Change in the orientation of the extinction contours. 
, ‘ 


itial states of the precipitation of oxides and 
uitrides of iron.' In order to confirm this model by 
more exact experiments, 2 systematic study was 
made of the grain boundaries on thin foils by 
means of a transmission electron microscope. It 
must be stated, however, that results obtained on 
heated foils of aluminium with a purity of 99-999 
thickness before thinning 0-2 mm.), for instance, 
have so far not confirmed this model. And although 
in fig. 26, for instance, it is possible to distinguish 
not only the multistep boundaries, but also the 
discrete dislocations with spacings of 30-20 A, to 
which, on the assumption of a simple Burgers 
boundary, there is a corresponding relative dif- 
ference in orientation of 8 or 10°, these steps are 
not in one plane, but are caused by the thickness of 
the foil (about 1,000 A), and therefore by a distinct 
width of the boundary surface, clinogonal to the 
plane of the foil. There is something similar to this 
in fig. 27, where the grain boundaries also have 
several steps. That these extinction contours are 
caused by the great width of the boundary surface is 
also clearly shown by fig. 28, where at point A a 
change in its orientation occurs, and the orders of 
the extinction contours change. 

It is therefore necessary to emphasize that there 
is still disagreement over the problem of the 
mechanism of the grain boundaries; low angle 
boundaries are formed by dislocations, which can be 
shown not only on foils, but also in the study of 
precipitation processes, during which the particles 
nucleate at these dislocations. 

It has not proved possible to show by a study of 
thin foils dislocations in high angle boundaries 
with spacings of about 10 A. Likewise it has not 
yet proved possible experimentally to substantiate 
the proposed model! by direct study of thin foils. 
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Progress is being made in the study, and it will be 
published as a separate report. 


Conclusions 

By a study of the low-temperature ageing of 
pure, Johnson, Matthey iron with a high content of 
nitrogen and oxygen, and also of commercial, low- 
carbon steel to specification CSN 11370-3, it has 
been possible to show that precipitation of nitrides 
of iron from a super-saturated Fe-N solution starts 
with the hexagonal :-Fe,N, which precipitates at 
the dislocations and other lattice defects. There 1s 
marked nucleation of «-Fe,N at the boundaries of 
the mosaic structure (veining). The grain bounda- 
ries are not areas where precipitation of «-Fe,N is 
great. The initial states of the precipitation of 
e-Fe,N are coherent with the [100] planes of the 
a-Fe. Precipitation of <--Fe,N was observed at 
25, 100, 200 and 300°C. The hexagonal :-Fe,N 
transforms into «"—Fe,,N, through the transitional 
nitride <-Fe,N, which has no marked relationships 
in orientation to the basic planes of the «-Fe. The 
final stable product of the precipitation of the 
nitrides is the cubic y'—-Fe,N. The precipitation of 
e-Fe,N, just as the transformation from e-Fe,N 
through <-Fe,N into «"-Fe,,N,, is accompanied by 
an increase in hardness. 

The mechanism of the precipitation of the 
nitrides is also similar in commercial steel to 
specification CSN 11370-3. Here also precipitation 
of «-Fe,N starts at the dislocations and other lattice 
defects. 

New data were obtained concerning the precipita- 
tion of oxides of iron. It was shown that oxygen can 
precipitate in a supersaturated solid solution of 
x-Fe. Precipitation of oxides of iron was investi- 
gated in spectrally pure iron at 750°C. and in 
commercial steel to specification CSN 11370-3 at 
temperatures of 100, 200 and 300°C. The oxides of 
iron precipitate as x—-Fe,O,. Morphologically they 
form disc-shaped formations of 500-800 A in 
diameter, which precipitated in the pure iron in the 
[100] planes of the »-Fe with a high degree of 
symmetry. At the high-angle grain boundaries this 
symmetry is destroyed, and the oxides of iron 
precipitate in several lines, parallel to the direction 
of the boundary. At the same time the boundary 
lines themselves form a ‘neutral zone,’ in which 
precipitation of oxides does not take place. 

In particular, precipitation of the oxides led to 
definite experimental confirmation of the dislocation 
model of the high-angle grain boundaries, as a 
synthesis of parallel Burgers boundaries. By a 
further study of these boundaries on thin foils of 
aluminium it has not yet, however, been possible 
to prove this model experimentally. The study is 
in progress. 

continued on page 242 
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Beryllium bronze 


Use in electron microscope 
grids 


ALTHOUGH the market price of beryllium is high, 
the fact that its content rarely exceeds 3°,, in the 
alloys used for engineering purposes means that 
cost does not stand in the way of utilization. 

Probably the most important beryllium alloys are 
those formed with copper, cobalt, and nickel, and 
their strengths can be improved by heat treatment. 
A process of quenching and tempering can convert 
these alloys from their original soft condition into a 
spring temper state, which is invaluable for technical 
applications. 

In beryllium bronzes, this property of toughening 
is most marked when the beryllium content ranges 
from 2-4-3-5°.,, although it is also apparent from 
1-3°., content upwards. After heating for some 
time to approximately 800°C. and then quenching 
in water, whereby the soft condition is retained, the 
metal can be rolled, etc. The alloy hardens if it is 
afterwards tempered at temperatures of 400°C. 

The beryllium content of the particular alloy, the 
pervious treatment, 2.c. the extent to which it has 
been rolled, and the duration and temperature of 
the tempering process, determine the degree of 
hardness attainable. 


Physical properties 

As distinct from beryllium-copper, beryllium- 
bronze differs appreciably from other bronzes in its 
superior physical characteristics. 

Without heat treatment, a bronze containing 
2-5°., beryllium has a hardness after quenching of 
some 100 Brinell units, but by heat treatment can be 
raised to approximately 400 Brinell units. On the 
other hand, a toughened bronze containing 2-5", 
beryllium approaches the strength of good spring 
steel, and is far stronger than aluminium-bronze, 
double-rolled to attain spring hardness. Either an 
extraordinarily high strength with low elongation, or 
a relatively high strength with great elongation, may 
be arrived at by varying the heat treatment. Very 
little sign of fatigue is shown by beryllium bronze, 
which possesses a high elasticity. A helical spring 
of beryllium-bronze withstood 25 million vibrations 
in an endurance test without losing any of its spring 
power. As a rule, springs do not usually withstand 
more than a few hundred thousand vibrations when 
made of phosphor bronze. 

The electrical conductivity of a 2:5°,, beryllium- 
bronze ranges from approximately 17-19, compared 
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1 Showing results of heat treatment of a copper-beryliium 
alloy containing 2-5°., beryvilium. (a) Hardness; (6) Electri- 
cal conductivity. The abscissa shows the duration of temper- 
ing in hours, and the ordinate the electrical conductivity, 
together with the hardness (kg. mm.* The alloy specimen 
here has been heated to 840°C. and quenched in water 


to 7-10 for phosphor bronze. Hence structural 
parts of electrical equipment when of beryllium- 
bronze can be made about half the size. 

With the thermal conductivity of electrolytic 
copper taken as 1, that for beryllium-bronze is 0-4. 

It is scarcely possible for a phosphor-bronze 
casting to exceed an electrical conductivity of 44, 
where that of electrolytic copper is 60. With copper 
that has been reduced with beryllium, however, an 
electrical conductivity as high as 56 can be obtained. 

The size of cast parts of electrical plants can thus 
be reduced by some 25",,,, which means an appreciable 
saving of metal, and a reduction in weight. 


Some applications 

Beryllium-bronze can be used to advantage in 
electrical applications wherever the saving of 
material and weight of current-carrying parts 
justifies the higher price. The same is true of 
engineering uses, where greater hardness and 
strength justifies its application in parts subjected 
to mechanical strain. This is so particularly in the 
case of springs and small constructional parts, 
where the price of the part is of little moment 
compared with the price of the whole machine. 

Amongst items made of the alloy are brush-holder 
springs and contact tips for electric motors, highly- 
stressed springs in telephone and signalling installa- 
tions, and moulds for the casting of select varieties 
of ceramic material. In a number of parts where it 
is desirable to avoid magnetizing, or there is a 
danger of rusting, steel can profitably be replaced by 
beryllium-bronze. The latter alloy with a content 
of from 0-9-1-5°,, beryllium has been developed as 
a bearing alloy of recent years. This material, in the 
form of bearing bushes, when exposed to endurance 
tests, showed only about one-sixth of the wear of 
normal tin bronze, while no attack was apparent on 
the shaft. 
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Electron microscope grids 

The minute perforated discs, or grids, employed 
in electron microscopes, are made from beryllium- 
bronze by use of an ingenious method. These small 
items are only 2 mm. dia., and have holes in them 
which, to the unaided eye, are invisible, only being 
detected under the magnifying glass, but yet have to 
be accurate to within the closest tolerances. 

In order to accommodate all details, drawings of 
the discs, 6 in. dia., with the holes in position, are 
made on large sheets of white paper. A large 
number of these drawings are prepared on the 
sheets, so that all may be photographed at the one 
time. A high-grade plate camera is essential for 
taking the photograph, but, in place of the usual 
light-sensitive emulsion plate, a plate of gelatin is 
substituted. This is first subjected to ‘ bi- 
chromating,’ .e. immersion in potassium dichromate 
solution. 

After subjecting to a relatively lengthy exposure, 
the bichromated gelatin plate is removed, washed in 
water which removes unaffected areas and provides 
a negative of the discs, in the form of flat and up- 
raised sections. These have now been reduced 
from 6 in. to 2 mm. dia. A practical point is that, 
while each disc is ultimately independently electro- 
deposited, a connecting link permits the deposition 
to take place as with a plate—hence the discs will 
not fall out individually. 

The bichromated gelatin is given immersion in a 
conducting medium so that current will be 
systematically carried. A solution of copper 
sulphate is used as the electrolyte, a strip of beryl- 
lium-copper as the anode, and the gelatin plate 
linked-up as the cathode, all of which are accom- 
modated in a small glass tank. 

These anodes and cathodes measure some 3 in. 
by 14 in., which means that, even allowing for a 
border section, many hundreds of discs may be 
deposited at the one time. In place of the 16 
copper-sulphate solution containing 4°, copper and 

10°, sulphuric acid, deposited at 10 amps. sq. ft., 
for normal depositions, a much more dilute solution 
containing about 1°,, acid is used, while a fraction 
of this amperage gives best results. 

Beryllium is deposited with the copper in much 
the same manner as the deposition of zinc and 
copper in making electrolytic brass. The brightly 
deposited plate is removed, washed in water, and 
poomnes with the fingers to dislodge the individual 

2-mm. discs. Each disc is inspected under the 
microscop: to ensure that all holes are perfect 
before being dispatched. 


Dewrance & Co. Ltd. announces the formation of the 
Dewrance Metals Division. This will consist of the foundry 
at Hillington and the Special Alloys Division in London. 
The new division will have its own Board of Manage- 
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As foreshadowed in last summer’s announcement by the 
chairman, Mr. Allen L. Stock, the Morgan Crucible Co. 
Ltd. ceased to trade on April 3 and became a Holding 
Company. From that date, its responsibilities for pro- 
duction, trading, research and development have been 
assumed by the following five new wholly owned sub- 
sidiaries: Morganite Carbon Ltd., Battersea, S.W.11; 
Morganite Crucible Ltd., Norton, Worcester; Morganite 
Electroheat Ltd., Wandsworth, S.W.18; Morganite 
Research and Development Ltd., Battersea, S.W.11; 
Morganite Exports Ltd., Battersea, S.W.11. 


ment and will be responsible for the production and sales 
of high quality non-ferrous castings, nickel alloy castings, 
stainless steel castings, ‘Endewrance’ hardfacing and 
high temperature brazing alloys. 
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Engineering, Marine, Welding and 


Nuclear Energy Exhibition 


British engineering exports now account for 43°., of the country’s total overseas 
earnings from manufactured goods and produce, and the Engineering, Marine, 
Welding and Nuclear Energy Exhibition, held last month at Olympia, London, has 


become a landmark in the exhibition calendar. 
Olympia’s three main halls and their galleries. 


More than 500 exhibitors occupied 
If there had been more room, the 


number would have been even greater, especially the number of foreign exhibitors. 
The exhibition, held every two years, covers the whole field of mechanical engineering, 
together with such ancillary processes as corrosion prevention, radiography, metal 
refining, lubrication, testing and measuring, mechanical handling and protective 
clothing. So also is every branch of shipfitting and ship construction. Nuclear 


equipment was found on about 40°, of the stands. 
The following review, which has no pretensions to compre- 


section of 43 stands. 


There was a separate welding 


henstveness, selects some of the items of metallurgical interest 


THE ACCENT was on automation on the Gas Council’s 
stand. Gas industry research teams have played a 
large part in bringing push-button control to 
industrial appliances and the most recent successes 
were on show for the first time. From a control 
panel on the front of the siand, visitors were able 
to light up a forge furnace or start an air heater, one 
of a range for use in industrial ovens. Also con- 
nected to this centre panel was a packaged conver- 
sion burner for process air heaters and other 
industrial uses. It was developed by the North 
Western Gas Board’s industrial gas development 
centre at Manchester and is the first British-made 
gas unit ready ‘ packaged ’"—complete with fan, 
automatic ignition and all control equipment. 
Another development which was seen for the 
first time was a brass billet heating furnace designed 
by the South Western Gas Board. This furnace, of 
entirely new design, handles billets 3 in. long and 
up to 2 in. in diameter and is for hot brass stamping. 
An automatic syntron feeder is fitted and the billets 
are carried down a vertical furnace which occupies 
a space of up to 3 ft. square. The furnace can be set 
to automatically discharge billets at a predetermined 
rate or singly by the operator pushing a button. 
Efficiency is high, with maximum operating comfort 
and high production rates. Industrial Furnaces 





Ltd. are making the furnace for the South Western 
Gas Board. 


Flash melting 

The North Eastern Gas Board began work early 
last year on the development and design of a 
furnace for the rapid melting of non-ferrous metals. 
A series of development projects were carried out 
resulting in the design of the furnace on show. The 
unit has a melting capacity of approximately 100 Ib. 
per charge and incorporates load recuperation in 
addition to combustion air pre-heating. The 
general sequence of operation is to place in the load- 
recuperation section the entire 100-lb. charge, which 
may consist of pre-alloyed billets, scrap, etc. 
Normally, the charge would remain in this section 
for a period of 8-10 min., while the previous 100-Ib. 
charge was being melted in the melting section. 
The furnace exhibited was capable of doing 100-Ib. 
melts in about 8 min. and has an hourly capacity of 
some 5-54 cwt. (Fig. 1.) 

On production trials, the unit proved to be very 
successful in operation from at least three aspects: 
1, A very-much-improved quality of metal cast as 
compared with crucible furnace techniques; 2, a 
marked reduction in metal loss during the process ; 
and 3, the fuel consumption per pound of metal is 
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very much reduced as compared with present-day 
methods. There is a continual discharge of molten 
metal into a holding section or pot which is main- 
tained with a small auxiliary burner at a temperature 
suitable for casting. This technique reduces metal 
losses. 

The arrangement and disposition of the burners 
used for firing this furnace are such that any type 
of atmosphere required adjacent to the metal being 
heated can readily be achieved and these conditions 
can, if necessary, be varied in accordance with the 
types of material being melted. During the time 
the initial charge is in the load-recuperation section, 
it is general for it to be raised to a dull red heat prior 
to its insertion in the melting section. Under 
normal conditions the combustion air is pre-heated 
to something in excess of 300°C. 


Induction billet heating 

The main exhibit of Garringtons Ltd. was an 
automatic induction billet heating unit designed to 
heat steel billets 1-2 in. square or round, 2-9 in. 
long, to a temperature of 1,250°C. at a production 
rate of 2,000 lb. h. A new feature of the heater is 
the continuous billet feed to eliminate electrical 
fluctuations by giving constant billet conditions 
within the heating coil. The feed device consists of 
a vibrator conveyor together with a double belt 
device which is easily adjustable to suit different 
billet sizes. (Fig. 2. 

Included among the other exhibits of Garringtons’ 
manufacture were: a single-shot heating coil 
designed to demonstrate the rapid heating obtainable 
with induction heating; and a pair of medium- 
frequency isolating switches housed in a cubicle and 
connected as a means of transferring the medium- 
frequency supply from one unit to another. 

The main exhibit is, of course, one unit out of a 
large range of billet-heating equipment designed 
for different billet sections and lengths, and for a 
variety of output ratings. Garringtons design and 
manufacture induction billet heating equipment 
for many other purposes, foremost amongst which 
are: billet heating of both ferrous and non-ferrous 
metals for extrusion, rolling and similar processes 
where the design of the plant is specially related to 
production processes. Special-purpose equipment 
is available for the continuous treatment of steel 
tube, bar, etc., and, where desirable, the induction- 
heating process is associated with alternative forms 
of radiant heating where this can offer advantages to 
the user. Garringtons are currently producing 
equipment for ingot heating where the induction- 
heating technique is used in close association with 
electrical radiation furnaces in order to reduce 
damaging side effects. 

The resources available for development, re- 
search, and pre-production testing are the largest 
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anywhere in Europe and possibly in the world. The 
division responsible for induction-heating activities 
also includes considerable facilities for design and 
manufacture of specialized mechanical-handling 
devices which can either form part of the production 
process involving induction heating, or, alterna- 
tively, can be a completely separate service available 
to industry. Similarly, the electrical engineering 
department embraces system controls covering a 
wide range of application which can, if necessary, 
be brought to bear on problems other than those 
associated with induction-heating techniques. 


Stainless steels 

The theme of the Firth-Vickers Stainless Steels 
Ltd. stand was on technical collaboration between 
producer, fabricator and designer. On display 
were welded specimens illustrating all techniques 
that can be applied to the welding of stainless steels. 
Alongside the procedures already well known and 
established, were examples of more _ recently 
introduced continuous-coated electrode welding 
together with the latest developments in shielded 
inert-gas metal arc welding. Firth-Vickers were 
pioneers in the welding of stainless steels and today, 
through continued close liaison with the manufac- 
turers of welding plant, electrodes and ancillary 
equipment, they are able to offer special service in 
this field to users of stainless steels. Closely linked 
with the display of welded specimens were illustra- 


1 100-/b.-capacity 
Gas Council’s stand 


flash melting furnace shown on the 
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2 Garringtons’ automatic induction billet heating unit 


tions of how automatic-welding techniques are used 
in the production of expansion bellows. In addition 
to illustrating modern fabricating methods, these 
show how readily stainless steels respond to these 
processes. 

The development of new materials has created 
specialists upon whom engineers and designers must 
rely for technical guidance and information, and 
since the advent of stainless steel close collaboration 
has been maintained between Firth-Vickers and 
engineers and fabricators. More recently, however, 
the industrial designer has sought guidance and 
advice in the use of special steels for particular 
applications. 

In the field of new materials, the F.V.520 steels 
are being used for an increasing number of applica- 
tions where their combination of strength, corrosion 
resistance, and weldability is required. The stand 
featured technical information on these steels 
together with examples of applications where their 
use has solved production problems. Other exhibits 
will illustrate how the steels lend themselves to 
normal methods of fabrication. 

On show were parts from a turbo-exhauster where 
the discs are produced as centrispinnings with the 
blades subsequently riveted into position. F.V.520 
here provided the required high strength and 
corrosion resistance that was not previously obtain- 
able in one steel. A partly-produced component on 
a helicopter gearbox casing shows how F.V.520(S) 
sheet material in the softened condition responds to 
cold manipulation whilst a further section from this 
same gearbox casing illustrates how parts can be 
welded using normal methods for stainless steels. 

An intricately-shaped rotor machined from 
F.V.520(B) solid bar in the normalized condition 
is an excellent illustration of the machining proper- 
ties of this steel. The rotor will be subsequently 
precipitation hardened and is to be used experi- 
mentally in a sludge pump where it will operate 
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under corrosive conditions with some abrasion. 
A nose cone which has been flow turned from 
F.V.520(S) sheet in the mill-transformed condition, 
shows the steel’s capabilities in such an operation. 


Nuclear energy 

The Hawker Siddeley Nuclear Power Company’ s* 
acquisition last September of Nuclear Engineering 
Ltd., who manufacture equipment for handling and 
using radioactive isotopes, has been followed by the 
announcement that the first university site licence 
has been granted to Queen Mary College, to whose 
special requirements the JASON Mark III reactor 
has been designed. The reactor is intended as a 
source of neutrons to drive fuel element lattice 
experiments. 

The installed cost of a JASON reactor varies 
between £55,000 and £80,000, depending on the 
facilities it provides and the maximum operating 
power required. The JASON Mark III for Queen 
Mary College has a continuous power output of 
10 kW. thermal and is capable of running three 
lattice experiments at once. The initial fuel supply 
will last throughout the life of the reactor, its 
U235 content being reduced by less than 0-1°, 
per annum. The reactor is self-contained and simple 
to erect; it produces no harmful waste and can 
safely be installed in any suitable building, even in 
densely-pcpulated areas. 

Hawker Siddeley are working on schemes to 
provide universities throughout the world with 
complete nuclear research and training centres, 
equipped with JASON reactors and Automatron H.1 
or T.2 irradiation units, made by Nuclear Engineer- 
ing Ltd. which provide intense gamma radiations 
from Cobalt 60 sources of up to 50,000 curies and 
10,000 curies respectively. 

The capital cost of such a centre would be in the 
region of £345,0C0, while operating costs would be 
about £230,000 per annum, but a considerable part 
of this expenditure would be covered by direct 
earnings. Apart from pure research, the JASON 
reactor could be used as a producer of many 
different radioisotopes for medicine, agriculture and 
industry and in particular of the short-lived 
varieties. 

Babcock & Wilcox Ltd. were showing models of 
nuclear steam-raising plant for merchant ships and 
for the 580-MW. nuclear power station to be built 
by the English Electric, Babcock & Wilcox, Taylor 
Woodrow atomic power group at Sizewell in 
Suffolk. 

Simmering-Graz-Pauker A.G. exhibits covered 
the company’s work on research reactors at 
Seibersdorf and Vienna. For Seibersdorf, a 


*Both the JASON and the Automatron range of irradiation 
units were illustrated on the Hawker Siddeley stand. 








metal treatment 
and Drop Forging 


5-MW. ASTRA research reactor, 80°,, of the mechani- 
cal components have en supplied, also the 500-h.p. 
diesel emergency pow. supply. Mechanical com- 
ponents and emergency power are being supplied 
for the 100-kW. TRIGA reactor in Vienna. 

Nuclear exhibits by the Talbot Stead Tube Co. 
Lid. included breeder thermocouple guide tubes 
and a model of a stainless-steel control rod with 
boron inserts. The company also showed a model 


of a mild-ste:! charging stand pipe, whose upper 
part consist’ »f a concrete-filled outer tube contain- 
ing four in: «r tub~s, while the lower part is made 
up of a large tube ith a smaller tube attached to 


its outer wall. 
Axial fans with slotted blades, similar to those 


fitted in American nuclear submarines, were 
exhibited by Keith Blackman Lid. who now 
manufacture them in Britain. The slotted-blade 
formation is said to give boundary-layer control 
and to extend laminar flow over a large part of the 
blade rd, resulting in high efficiency and high 
operat pressures at low speeds, with a corre- 
sponding reduction in turbulence and blade 


friction, noise, size and weight. 
\ resonance bending fatigue machine for in- 
tigating the fatigue strengths of tubes and 
ed joints was demonstrated in action by 
warts & Lloyds Ltd. The machine is used for 
ting the tubes of nuclear boilers, which are 
ibject to vibrations set up by the gas flowing over 
them. 

The Nuclear Energy Trade Association’s Con- 
ference was represented at the stand of the British 
Engineers’ Association, where the starting up of a 
nuclear power station was demonstrated on a 
reactor simulator. 

Short Brothers & Harland Ltd. were showing a 
scale model of the reactor simulator with a capacity 
of 200 amplifiers and an overall component error 
of less than 0-1°,,, which is being installed by the 
U.K. Atomic Energy Authority at their Calder 
Operations School. The machine has been de- 
signed to simulate the behaviour of a complete 
atomic power plant of the Calder Hall type, but can 
also be modified to simulate advanced gas-cooled 
reactors. 

Teddington Aircraft Controls Ltd. claim to be 
anticipating nuclear developments over the next 50 
years with a range of isolation cocks for small-bore 
nuclear instruments, designed for pressures up to 
650 Ib.'sq.in. and temperatures up to 450°C. 
Leakage across the seat does not exceed 0-001 Ib. /h. 
at 600 Ib. sq. in. Leakage to atmosphere is said to 
be zero. 

Stacks of G.5 nuclear emulsion made by I/iford 
Lid. are used in space-rocket capsules to obtain new 
information on the effects of cosmic radiations. 
Nuclear emulsion differs from ordinary photo- 
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graphic film in that the silver halide concentration 
is much higher and is coated about 50 times thicker, 
sO as to make it easier to see the tracks of any charged 
particles which have struck it. 

The ‘Gammacell 220’ irradiation unit, which 
was shown on the Canadian Government stand, has 
a fixed source of up to 54 Cobalt 60 rods arranged in 
“squirrel cage’ formation round a 6 in. dia. by 
84 in. high irradiation chamber. The chamber is 
raised and lowered electrically to receive specimens 
for irradiation. The unit is fitted with safety inter- 
locks and is fully shielded; no external shielding or 
manipulators are required. 

Two 1.1. Divisions—Metals and Billingham— 
and Marston Excelsicr Ltd. (an 1.C.1. subsidiary 
company )—were at the exhibition. Exhibits were 
shown in four main groups—nuclear engineering; 
titanium; heat exchangers and _ heat-exchange 
products; and general engineering materials. 

In the nuclear-engineering section were examples 
of zirconium, beryllium, hafnium, niobium and 
other new metals. ‘ Boroplast, a boronized 
plastic material for use in radiation shields, was 
included in the display, while Marston Excelsior 
Ltd. were showing a wide variety of fabrications for 
nuclear-engineering purposes. 

The Darlington Forge Ltd. (a wholly-owned sub- 
sidiary company of English Steel Corporation Ltd.) 
placed special emphasis on the company’s products 
for the nuciear-energy industry, and the main 
feature of display was a 5-ton forged-steel gas-duct 
reinforcement ring. This ring, from which a test 
portion was cut away to reveal the cross-section, 
was of a similar type to several that had already 
been supplied by the Darlington Forge Ltd. for 
use at Bradwell Nuclear Power Station. 


Welding 

Palmer Aero Products Ltd. have developed a 
Precision-Orbital welding method which allows a 
pre-formed tube to be automatically joined to an 
end-fitting. A selection of stainless-steel and 
nickel-based alloy pipes welded by this method 
formed the highlight of Palmer’s display. 

Although designed primarily for the aircraft 
industry, this new process, a speedy, reliable and 
economical technique which supersedes conven- 
tional brazing methods, is of interest to all industries 
concerned with handling corrosive materials of 
elevated temperatures—especially the nuclear power 
industry. Weld crown dimensions and penetration 
bead dimensions can be accurately and consistently 
controlled, enabling designers to incorporate the 
weld bead—which is completely homogeneous— 
into design schemes. 

Other exhibits were chosen to emphasize the 
comprehensiveness of Palmer’s non-destructive 
testing service—which includes facilities for X-ray 
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and gamma-ray service (test house and mobile), 
magnetic crack testing, fluorescent crack testing, 
ultrasonic testing, pressure testing, air and hydraulic 
testing, low-temperature testing, film processing 
and the compilation of radiological reports. 

If the advantages of modern high-speed welding 
methods are to be fully exploited, then a necessity 
arises in the production welding plant for a com- 
patible method of preparing plate edges prior 
to welding operations. Preparation, by current 
methods, usually constitutes the major part of total 
welding cost; it is generally a slow process, often 
involving considerable handling and is rarely 
justified by the quality of finish. Pullmax machines 
for achieving this aim were shown by Alfred 
Herbert Lid., sole agents in the U.K. 

The Pullmax X8 Quick Beveller is outstanding 
in that it produces better edges for X, Y, and V 
joints faster and more economically than by any 
other method. The machine can be supplied to 
produce angles of 30 , 374°, or 45°. Four grades of 
cutter are available with the machine, careful 
selection of which, for depth of bevel and nature of 
material, ensures the best possible joint. (Fig. 3.) 

This versatile machine is not restricted to straight 
bevelling but will bevel irregular-shaped plate, 
tubes, beams, angle iron, circular, and even inner, 
radii of 8 in. or over. A special accessory can be 
supplied for suspension of the machine from an 
overhead gantry. 

New equipment shown for the first time by 
British Oxygen included a lightweight straight-line- 
and circle-cutting machine, a_ slope-controlled 
rectifier, an automatic line-following device, and 
the latest range of lightweight electric welding 
generators. Also on show was a new vacuum 
insulated evaporator for liquid oxygen, nitrogen 
or argon. 

With the new automatic line-following device, it 
will be possible to operate from simple line drawings, 
thus eliminating the use of conventional templates. 
The new device is demonstrated on the latest 
*‘ Bison’ profile-cutting machine; the marketing 
date will be announced later this year. 

The new, lightweight, portable straight-line- and 
circle-cutting machine, the PUG, will appear on 
the market within a few months, and will sell for 
about £40. This latest addition to the B.O.C. range 
of small portable machines is expected to bring 
high-quality mechanical oxygen cutting to an even 
wider range of industries. 

A 6-ft.-long model of the Dreadnought, Britain’s 
first nuclear submarine, was exhibited by Murex 
Welding Processes Lid. Over a million Murex 
electrodes were used for the manual arc-welding 
of this new submarine which is the largest ever to be 
built in Great Britain. The Dreadnought, con- 
structed for the Admiralty by Vickers-Armstrongs 
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3 The Pullmax quick beveller shown by Alfred Herbert Ltd 


(Shipbuilders) Ltd., was launched last October. 

Yates Plant Ltd., a division of Baker Perkins Ltd. 
operating as a separate entity, were exhibiting a 
wide range of welding manipulative equipment 
associated with the welding industry. 

One of several new patented features being 
displayed on Rotator sets is the automatic Anti- 
Creep device, which is controlled electronically, by 
a scanner, and automatically ensures that the vessel 
does not spiral off the Rotator rolls. 

Two of the new Yates Twin-Pillar columns with 
retractable booms were operating, complete with 
automatic welding heads. 

Rotators from 100 lb. to 100 tons capacity were 
displayed and demonstrated. The smaller units 
are based on the Autroset quick-setting principle 
and the larger machines are based on the heavy-duty 
design well proved on nuclear power contract work. 

Of special interest to those concerned with the 
fabrication and welding of large boilers, etc., was 
an accurate scale model of the Trawsfynydd Site 
Workshops where the Trawsfynydd 350-ton heat 
exchangers are weided. 


Other displays 

The main exhibit on the stand of the English 
Electric Co. Ltd. was a complete British Railways 
Type 1 diesel-electric locomotive. Total weight is 
72 tons and length 46 ft. 9 in. Powered by an 
eight-cylinder diesel engine, type SVT, it develops 
1,000 h.p. One of these locomotives, the first of 20 
ordered in 1955, locomotive D.8000, was the first 
main-line diesel to go into service under the 
modernization plan. Altogether English Electric 
is building 128 of them for British Railways. Main 
use is for suburban and transfer duties. 

The other traction exhibit is a sectioned and 
working model of British Railways Type 4 
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(2,000 h.p.) diesel-electric locomotive. The com- 
pany—the only one to be building all five types 
under the modernization plan—is building 200 
type 4s. 

The evolution of the internal combustion engine 
was the theme of the display by Shell-Mex and B.P. 
Ltd. on the stand of Shell Industrial and Marine 
Lubricants. This theme has been adopted to mark 
the centenary of the conception by Otto in 1861 of 
the four-stroke cycle principle and to show the 
evolution of the engine through the ensuing 100 
years. 

The theme was developed in a mural with panels 
showing the originators of the principles as well as 
modern applications of modern compression- 
ignition engines in industry and transport. 

As alloy-steel makers, forgemasters, heavy 
engineers and steel founders, Firth Brown Ltd. were 
illustrating a representative range of all their 
products. 

These included carbon and alloy-steel forgings 
for marine turbines and transmission gears and 
power generation, forged-steel cylinders, rings and 
other forgings for aircraft, gas-turbine and jet- 
propulsion units and forged-steel die blocks. 

Their forged-steel rolls for the rolling of ferrous 
and non-ferrous sheet and strip, precious metals, 
plastic, etc., are supplied in the fully-hardened 
condition up to 36 in. dia., 17} tons in weight, and 
back-up rolls up to 56 in. dia. and 45 tons in weight. 

Whil.t copper and its alloys readily lend them- 
selves to fabrication by practically every known 
manufacturing process, the Copper Development 
Association selected two specific examples for 
featuring on their stand. 

Copper and its alloys are particularly suitable 
for extruding, and some of the many sections which 
can be produced by this process were displayed, 
together with samples of typical components 
machined, forged or hot pressed from copper or 
copper-alloy extrusions. 

An exceptionally wide application of certain 
copper-base alloys is to be found in the fabrication 
of heat-exchangers and condensers and where, in 
most instances, tubes must be welded to tube-plates. 
Of particular significance in this respect is a 
recently-developed semi-automatic welding gun, 
operating on the inert-gas and tungsten-arc process. 

The Plasma flame spray gun was exhibited for 
the first time in this country by Metco Lid. Plasma 
now makes it possible to deposit as a coating many 
types of metals, refractories and oxides previously 
denied research and design engineers. Materials 
that can be sprayed include chromium, cobalt, 
molybdenum, tungsten, chromium carbide, tung- 
sten carbide, rare earth oxides, titanium oxide, 
calcium zirconate and, in fact, most materials that 
do not decompose when melted. These materials, 
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applied with the type MB Plasma flame-spray 
equipment, give a dense coating and a high degree 
of bond to the base metal. The equipment has been 
designed for development work in the jet- and 
rocket-motor fields, missile work, nuclear and 
electronic industries and research work into applica- 
tions involving the use of these high-temperature 
materials. 

Edgar Vaughan & Co. Ltd. featured their fuel-oil 
additives, cleaning solvents, etc., for marine uses, 
oils for metal working and products for heat 
treatment. 

Hedin Ltd. showed examples of industrial 
electric heating equipment, including ovens, 
furnaces, elements and a new range of small- 
capacity ovens, suitable for heat treating small 
components. 

A special exhibit showed how Hedin equipment 
serves the electrical industry and featured the 
electrical products which are processed: Rubber 
and epoxy-resin castings, together with electric 
motors and transformers which are cured in their 
ovens; and die-cast control gear parts produced by 
their furnaces. 

Of particular interest to the communications 
industry were the humidity and low-temperature 
environmental test cabinets. These are for testing 
electronic components and cables under extreme 
climatic conditions. The cold cabinet is a new 
product of completely novel, competitively priced, 
design, which provides temperature cycles from 
-70°C., to + 150°C. 

Pantak Ltd., of Vale Road, Windsor, Berks., were 
exhibiting the full range of Balteau portable 
industrial X-ray units which they market, in 
addition to details of the range of mobile equipment 
which they produce. Also on show were a selection 
of radiographs taken by equipment ranging from a 
small, lightweight, gas-filled unit of 150 kV. to a 
mobile industrial betatron of 18 MeV. 

The portable Balteau range consists of two oil- 
insulated units of 140 and 200 kV. capacity and two 
gas-insulated units of 150 and 300 kV. capacity, 
both the 150- and 300-kV. units being produced in 
special forms for 360° being radiography as re- 
quired, for example, in pipeline examination. 

The Siemens 18-MeV. betatron which the com- 
pany market in the U.K. has been developed for 
mobile use in the examination of steel thickness 
greater than 4in. One of the particular features of 
this unit is the use which may be made of a ‘ hot 
state ’ radiographic technique which eliminates the 
need for alternate cooling and heating of the work- 
piece and thus eliminates the danger period when 
flaws may develop. A further feature is the use of an 
enlargement technique with this unit in which the 
most minute flaws, beyond the range of any other 

continued on page 252 
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Non-destructive testing of welded tubing 


In 20 YEARS Republic Steel Corporation has pro- 
duced millions of feet of resistance-welded tubing. 
In the course of these years of production they 
have examined many types of non-destructive tests 
—hydrostatic, radiography, ultrasonics, magnetic 
particle and electromagnetic induction—and studied 
the advantages and limitations of each of these for 
their requirements. 

No non-destructive test currently used on tubing 
is infallible. No test unerringly detects all the 
defects that should be rejected. But the errors 
made by the different tests differ in varying degrees 
or scope since they operate under different basic 
principles. Because of these inherent errors, 
complete quality assurance can be obtained only 
from the use of a combination of techniques. But 
this ultimate quality assurance is not economically 
practical, except perhaps in highly critical atomic 
energy applications. 

The producer who decides to use non-destructive 
testing must take a practical compromise, choosing 
the method that gives him the best combination 
of low cost and high insurance against product 
failure. Low cost depends on high-speed operation, 
low capital investment and insensitivity to harmless 
variables. Insurance against failure depends on 
high sensitivity to geruine rejectable defects and 
mechanical rejection independent of the operator’s 
judgment. 

The method that has been found to give the 
best combination of advantages for ‘ looking 
through’ welded tubing is Republic’s electro- 
magnetic induction method—Farrowtest. More 
than 57,000 miles of tubing have been examined by 
this method. 

In Farrowtesting, an electrical current is induced 
in the pipe or tube by a solenoid coil. Defects 
cause changes in the induced current which affect 
the associated detection circuit. The method 
provides sensitivity to small defects, external and 
internal; high-speed operation; automatic signal- 
ling; adjustable sensitivity; and independence of 
personal judgment. 

Widely used for many years on pipe and tube 
up to 4 in. dia., its use is now being extended to 
tubular products as large as 16 in. dia. The 
transition to larger sizes involves the solution of 
mechanical problems associated with handling of 
massive pipe and electrical problems evolving from 
a new set of variables and the requirement of 
a new type of discrimination. But these problems 
seem well on the way to solution. 


Hydrostatic test 

The hydrostatic test is the best-known and most 
widely used non-destructive test for tubular 
products. 

Experience long ago revealed that many harmful 
defects pass the hydrostatic test without detection. 
To establish quantitatively the size of defect that 
can pass certain hydrostatic tests, a series of artificial 
defects were tested. Slots were milled in sections 
of flat-rolled steel, which were then formed into 
tubes and electrically welded. The tubes were 
then drawn down to smaller diameters, until the 
milled slots were tightly closed. Numerous hydro- 
static tests were then made, with applied pressures 
producing fibre stresses ranging from 3,750 to 
47,000 Ib./sq. in. Pressure was maintained for 
periods much longer than those required in any 
specifications. Here are some of the findings: 

1. Defects 90°., through the tube wall and as 
long as 1-5 in. may be missed by certain widely 
used hydrostatic test specifications. 

2. Defects 50°., through the tube wall and as 
long as 7-7 in. may be missed by certain widely 
used hydrostatic test specifications. 

3. Large defects may be missed, even with test 
pressures as high as 8,000 Ib. sq. in. For example: 
defects 2-7 in. long and 46°, through the tube 
wall; 1-4 in. long and 94°, through the wall; 
1-3 in. and 43°,, through the wall. All of these 
were in 1-75 in. o.d. 10 gauge tube. 

4. Tubes may fail in low-pressure service after 
passing an 8,000 Ib. sq. in. hydrotest of short 
duration. The indication is that the hydrotest 
sometimes increases the chance of subsequent 
failure. 


Radiographic test 

Radiographic methods, such as X-ray and gamma 
ray, depend on the penetration of the tube wall by 
high-frequency radiation, and the sensitivity of film 
or a fluorescent screen to the H.F. energy that gets 
through the wall. The indication on the screen or 
film is sometimes called a shadowgraph. 

If the film is used, the time required for develop- 
ment and the overall cost usually rule out use of 
this method for 100°,, inspection of tubular pro- 
ducts. Use of a fluorescent screen or a television 
receiver eliminates the time delay, but requires 
constant observation and interpretation of the 
shadowgraph by the inspector. 

There is another drawback to the use of radio- 
graphic methods for the inspection of electrically 
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welded tube or pipe. Registry of a defect by 
radiographic means depends largely either on the 
absence of material or the presence of material 
whose energy transmission properties are markedly 
different from those of the material the pipe is 
made of. To affect the shadowgraph, the path of 
the radiation must be through sufficient foreign 
matter to change the degree of energy absorption 
in that path; if the defect does not affect the absorp- 
tion of energy, the shadowgraph will not be affected. 

In electrically welded tube or pipe, large defects 
may frequently have little or no effect on the tube’s 
capacity to absorb radiographic energy. The 
amount of foreign matter, air, gas, oxide, etc., 
trapped in the defects is so small that the defect is 
practically two-dimensional. The defects are 
usually in a radial and longitudinal plane, with 
practically no dimension in the circumferential 
direction. 

The net effect of this condition is that absorption 
of radiographic energy is practically unaffected, 
and no evidence of the defect appears on the 
shadowgraph. 


Magnetic particle test 

With this method, the article to be tested is 
magnetized and magnetic particles—dry or sus- 
pended in liquid, sometimes fluorescent—are 
applied. Discontinuities become new magnetic 
poles or centres of magnetic attraction, and draw 
the particles to the defective area, making their 
detection by visual methods possible. If the 
particles are in a fluorescent medium, ultra-violet 
light is used to make their detection even easier. 

This method is widely used in industry; as 
a matter of fact, in some applications it is the only 
non-destructive test that can be used successfully. 
However, since it is sensitive primarily to defects 
that penetrate the surface, it has serious drawbacks 
for the testing tube. Sensitivity to sub-surface 
defects drops rapidly as the distance from the 
surface increases, and a defect of rejectable size, 
which may be readily detected on the outer surface, 
is likely to go undetected on the inner surface. 

This test method depends on the vigilance and 
interpretation of the inspector. Devices for auto- 
matic observation and evaluation have been built, 
but have not been widely used. But, even with 
these improvements, we believe the method will 
he limited mainly to surface defects. 


Ultrasonic test 

Ultrasonic methods have shown rapid growth 
in application to tube and pipe testing. A high- 
frequency mechanical vibration is projected into 
the piece under test, and detects the presence of 
a defect by reflection of energy from it. Like 
radiographic inspection, it is valuable in detecting 
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internal defects, and has achieved some outstanding 
results. 

Two general methods are used—contact and 
immersed. In the contact method, there is direct 
contact between the high-frequency vibrating 
source or its mounting and the piece being tested. 
In the immersed method, the vibration passes 
from the source to the test piece through a coupling 
liquid. 

Rapid progress has been made in the application 
of both methods to tube testing in the last three 
years. Signals from harmless variables have been 
reduced. This permits better discrimination 
between defects and harmless variables. 

Evaluation of the size of a defect will always be 
a problem with ultrasonic testing, but it is possible 
in some instances even now to use the signal to 
appraise the size of a defect. Undoubtedly, 
improvements will be made in this area. 


Electromagnetic induction test 

Farrowtesting and other magnetic induction 
methods depend on the induction of an electrical 
eddy current in the pipe or tube, whose electrical 
characteristics are changed by defects in the 
material. These changes are in the induced current, 
the magnetic field around the defect, and the 
current, voltage and phase relationships in the 
detection circuit. The current is usually induced 
by alternating current flowing in a solenoid-type 
coil surrounding the tube. The frequencies used 
range from 60 to 200,000 c.s., with the higher 
frequencies used for small-diameter, light-wall, 
non-magnetic materials such as stainless steel. 

When testing magnetic materials such as carbon 
steel, it is usually necessary to saturate the tube 
magnetically to increase the sensitivity to genuine 
defects without increasing the sensitivity to the 
numerous harmless variables usually present in 
most tubes. This is done usually by surrounding 
the tube and its a.c. solenoid with a d.c. solenoid 
generating a powerful magnetic field. A water- 
cooled, low-voltage, high-current coil arrangement 
has been found most satisfactory for production use. 

The sensing device consists of another coil or 
group of coi’s located near the tube or between the 
sections of tne a.c. solenoid. The output of the 
detector coil assembly is evaluated by an electronic 
circuit, whose characteristics depend largely on the 
type of defect separation required. 

Early in the development of the Farrowtest 
method, it became apparent that sensitivity to 
defects was not difficult to achieve. However, the 
utility of a non-destructive test cannot be measured 
by sensitivity alone. High-sensitivity that produces 
signals for minute defects also produces signals 
for many harmless variables such as grain size, 
stress concentrations, minor inclusions, etc., that 
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may not be a good cause for rejection of pipe or 
tube. So perhaps even more important than 
sensitivity is discrimination. 

Complicating the discrimination problem is the 
fact that a defect that is objectionable for one 
application of the tube may be completely accept- 
able for another. For instance, a pinhole leak in 
a tube carrying liquid may be disastrous regardless 
of the soundness of the surrounding metal; but, 
in a structural tube, the pinhole itself may be of 
no importance. 

In calibrating the machines for production use 
standardized calibration tubes with artificial defects 
are used. Although the electrical effect of an 
artificial defect is not the same as that of a natural 
defect of the same size, careful development of the 
electrical relationships between natural and artificial 
defects for the particular circuit permits the use of 
artificial defects for calibration. 

With the help of calibration tubes, all machines 
can be made to work the same way. A tube or 
batch of tubing tested at different times and on 


different Farrowtest equipment give identical 
signals. Thus, test results are uniform and 
repeatable. 


A typical detector panel includes such defect 
indicators as a signal light, an oscilloscope and an 
ammeter. These devices are used mainly in the 
preliminary adjustment of the test and in trouble- 
shooting. In production, the entry of a defect 
into the test area stops the tube for visual inspection 
or actuates a paint spray which marks the defect 
area. 

The conclusion reached by Republic Steel after 
years of study and analysis is that their electro- 
magnetic induction method not only fits more 
conveniently into the production line but also 
provides more accurate discrimination between 
genuine defects and harmless variables. Like all 
other non-destructive tests, it is not infallible, but 
the overall capacity of the method to make the 
desired discrimination on a measured and calibrated 
basis is considered far superior to that of other 
methods. 


Engineering, Marine, Welding and 
Nuclear Energy Exhibition 


concluded from page 248 


X-ray unit or accelerator, are readily detectable. 
Two additions to their range of mercury-in-steel 

temperature controllers have been introduced by 

the Ba@ish Rototherm Co. Lid., Merton Abbey, 

London, S.W.19. 

The first, now in production, is a three-stage 
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controller to operate on rise or fall of temperature. 
It can be set, if necessary, to show a warning light, 
followed by an alarm bell, and with a complete 
cut-off of plant at the third stage. It can also be set 
to give a continuous warning. 

The second new unit, now ready for production, 
is a temperature recorder-controller which will 
control between fixed differentials and record the 
temperatures on a chart. It consists of a chart 
temperature recorder with the addition of hand-set 
electrical contacts which operate a self-contained 
plug-in electronic relay unit for on off control. 

Deva metal, now being manufactured in Britain 
by the Universal Metallic Packing Co. Ltd., is a 
homogeneous and non-porous solid, made by 
compacting natural or colloidal graphite powder 
with primary or alloyed metal powders, is claimed 
to be the only metal which is permanently self- 
lubricating, irrespective of wear, over a wide range 
of temperatures. It owes this quality to the graphite 
film that forms on the contacting metal surface 
under friction, allowing it to withstand higher 
temperatures and pressure velocity factors than 
porous bearing materials impregnated with grease 
or oil. 


Deva metal is especially suitable for use on 
bearings where operating conditions might lead to 
the breakdown and dispersal of conventional lubri- 
cants or where the presence of oil or grease might 
result in contamination of the product being 
handled. Various grades of bronze, brass and iron 
are used as the metallic constituent, to cover 
operating temperatures between —201°C. and 592°C. 
The material is easy to machine and, in spite of its 
graphite content, it possesses useful mechanical 
properties. 


Strip and tin mill equipment 

The Wean Engineering Co., Inc., of Warren, Ohio, has 
established a new company in Great Britain—Wean- 
Miles Ltd.—to furnish strip and tin mill equipment of 
Wean design. 


This new company will assume the manufacture and 
sale in Great Britain of many items of equipment designed 
and sold by the Wean Engineering Co. in the U.S.A. and 
throughout the world. The Wean Engineering Co.’s 
designs will be maintained at all times by Wean-Miles 
Ltd., who will adapt Wean (U.S.A.) drawings to British 
standards. 


The Wean Engineering Co., working through Wean- 
Miles Ltd., has at the present time under construction 
equipment for the British steel industry, including one 
high-speed electrolytic tinning line, two continuous strip 
pickling lines, two high-speed shear lines, one high-pro- 
duction continuous strip annealing line for tinplate and a 
slitting line. This work is being carried out in Great 
Britain under the supervision of Wean engineers. 


The head office of Wean-Miles Ltd. is at 76 Cannon 
Street, London, E.C.4, England. 
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Chinese visitors to Garringtons 


As the largest manufacturers of forgings in Europe, pro- 
ducing over 100 million forgings annually, it is natural that 
Garringtons Ltd. (Bromsgrove and Darlaston) should receive 
many interested visitors from overseas, and recently they 
were pleased to entertain at their Bromsgrove factory, 
Mr. Chu Kang-Chieh, the Deputy General Secretary to the 
China Council for the Promotion of International Trade, and 
Mr. Tao Li-Chung, B.Sc., a Technical Consultant to the 
China Council for the Promotion of International Trade 
They were accompanied by Mr. Chandler, of the London 
Export Corporation Ltd 


Mr. Chu Kang-Chieh is responsible for the broad industrial 
appreciation and Mr. Tao Li-Chung is a_ technical 
consultant, primarily an electrical engineer, and their joint 
mission is to explore, during the month they spend in this 
country, the sort of equipment which British industry has to 
offer and which will be of use to the Chinese expansion pro- 
gramme under the new 5-Year Development Plan. This visit 
wtil result ultimately in specific enquiries being sent to groups 
of companies, for particular and specific items of plant and 
equipment. The visitors expressed particular interest in the 
Company’s induction-heating equipment, stating that there is 
a continuing expansion of hydro-electric power in China, 
which would enable such modern equipment to be successfully 
employed 





Heavy horizontal forging machine at Stewarts 
and Lloyds 

STEWARTS AND LLoyps have recently commissioned a 
new horizontal forging machine at their Mossend Tube 


Works in Lanarkshire. The machine was designed and 
manufactured by Lamberton & Co. Ltd., of Coatbridge. 

The prime purpose of the machine is to upset the 
ends of heavy steel tubes used for lining deep oil wells. 
The upset of the ends enables a screw thread to be cut 
on the tube, male at one end, female at the other. Thus 
lengths of tubes are screwed into each other without the 
need of any coupling piece 

Tubes up to 10 in. dia. can be forged and consequently 





Left to right: Mr. K. L. Moon, Mr. Chu Kang-Chieh, 
Mr. Tao Li-Chung and Mr. Chandier 


Lamberton horizontal forging 
machine 

The first arm and roller of the 
mampulator is at left of 
picture 


the machine is a very heavy one, having a total weight of 
about 300 tons and being capable of exerting a forging 
pressure of over 2,000 tons. The manufacturers believe 
that this is larger than any similar machine yet built in 
Europe. 

Because of its size, the main frame was made in two 
pieces, one piece over 100 tons in weight. The side slide 
which carries the gripping dies is operated through 
toggles by cams from the main crankshaft. This slide and 
the main slide are guided between anti-friction liners with 
automatic oil lubrication. 


The forging operation is made by a series of punches 
carried in the main slide which is driven directly from 
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The Wild-Barfield Generated Gas and ‘Carbodrip’ 
methods of gas carburising ensure minimum carburising 
time, fastest production rates and full quality 

control. Write to us for advice on the application 

of gas carburising for your work. 





Pag WILD ELECTRIC FURNACES 
(Barrel FOR ALL HEAT TREATMENT PURPOSES 


Backed by 40 years’ specialist experience 





WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS TELEPHONE: WATFORD 2609] (6 Lines) 
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the crankshaft. The crankshaft is turned by a 250 h.p. 
motor through vee-belts and reduction gearing. The 
stroke of the main slide is especially long being 30 in. 

Since the operation of the machine requires one stroke 
omy at a time, a multiplate clutch and a disc brake are 
employed. These units are also designed and manufac- 
tured in Coatbridge and have been specially developed to 
stand up to the exacting duty of starting and stopping a 
large mass of machinery, some 15 times a minute. Both 
the clutch and brake are air operated and so arranged that 
should there be a failure of air or electric power, the 
clutch disengages and the brake is applied. Other safety 
devices to guard against overloads and misuse are incor- 
porated. 

The tubes to be processed are delivered from the end 
heating unit on to manipulator rollers. These raise the 
tube to the level of the first die position and then move it 
forward into the dies. After the first forging operation the 
manipulator lowers the tube to the second die position and 
so on. The tube is thus manipulated through the forging 
cycle entirely by mechanical power. 

Enquiries should be addressed to the Lamberton sub- 
sidiary company, Eumuco (England) Ltd., 26 Fitzroy 
Square, London, W.1 (Euston 4651). 


A further extension to the covered area of Faulkners 
Ltd., Colnbrook, Bucks. 

A further extension of covered area at Faulkners Ltd., 
manufacturers of drop forgings, has recently been com- 
pleted by E. W. Tyler & Co. Ltd., precast concrete engi- 
neers, of Tonbridge and Manchester. The new extension 
follows two other buildings erected by Tylers in 1959, 
which then doubled Faulkners’ existing heat-treatment 
department. 

The newly completed building will house additional 
equipment for the heat treatment of drop forgings, shot 
blasting machinery and various inspection processes 
together with a dispatch bay. Faulkners Ltd. are an 
associate company of the London electro-forging pro- 
ducers, Messrs. Omes Ltd., Beverley Works, Barnes, 
London, S.W.13. 


G. A. Platon Ltd., established four years ago, has now 
removed to a large modern factory at 281 Davidson Road, 
Croydon. 

The range of FLosTaT self-acting flow controllers for 
liquids and gases pioneered by the company has been 
widely extended and now includes miniature models for 
analytical work and burner control, as well as industrial 
models up to 6-in. pipe size, both of the precision and 
poppet-valve type and of a butterfly valve design for 
flow-governing duties. 

To fill a notable gap in the range of automatic control 
valves currently available, an agency agreement has been 
concluded with Research Control Inc. of Tulas, Okla- 
hama, which will bring to the U.K. the MINIM valves, 
which are already very popular in the U.S.A. for pilot 
and research work. A range of indicating-flow meters— 
the GAPMETER—has been introduced which can be fitted 
with the FLOSCAN photo-transistor alarm switch. 


Two more for the road! 

During the past 18 months, 54 Morgan basin tilting 
furnaces have been sold to moce:n foundries for the fast 
bulk melting of a wide range of aluminium and copper- 
based alloys. 

The activities of the Crucible and Furnace Depart- 
ments of the Morgan Crucible Co. Ltd. are now 
carried on by Morganite Crucible Ltd., Norton Works, 
Woodbury Lane, Norton, Worcester, but their furnace 
demonstration and test foundry will remain at Battersea 
where visits from customers are always welcomed. 
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PEOPLE 


THE FIRST AWARD of the Sir Walter Puckey Prize was 
made to Mr. L. C. Lambert, DIP.TECH.(ENG.), at a 
meeting of the Wales Region of the Institution of Pro- 
duction Engineers, held at the Welsh College of Advanced 
Technology, Cardiff, on the evening of March 10, 1961. 
The presentation was made by Sir Walter Puckey, past 
president of the Institution. 

The Sir Walter Puckey Prize is an annual award of £50, 
open to first-year students taking diploma in technology 
courses in any branch of engineering in any college in 
England and Wales. It is made for an outstanding 
project in a production engineering subject. 

Mr. Lambert was a final-year student at the Welsh 
College of Advanced Technology during the session 
1959-60. He obtained the Diploma in Technology (Eng.) 

1 September, 1960, with second-class honours, and his 
project was on ‘ friction welding.’ 


Mr. W. S. Walker, PH.D., M.SC.(TECH.), has joined 
Campbell, Gifford & Morton Ltd., consulting engineers, 
of 52 Queens Road, Weybridge. In 1936 he went to 
the Brown Firth Research Laboratories and was seconded 
for three years to the Vitkovice Works in Czechoslovakia. 
He then returned to Firth Brown’s works in Sheffield, 
after a period of service with the Admiralty during the war. 

Dr. Walker spent ten years reorganizing and largely 
rebuilding the Round Oak Steel Works, resigning at the 
end of 1960. In 1959 he led a technical mission to 
Russia. He has served as a member of the BISRA 
Council and is on several of its technical committees. 
He is an honorary member of the council of the Iron 
and Steel Institute. 


Mr. Raymond V. Ely, M.1.£.£., M.I.MECH.E., a special- 
ist in the field of the application of electrical transformers 
to arc welding and X-ray technology, has been appointed 
consultant to Gresham Transformers Ltd. Mr. Ely will 
advise the company on the needs in the fields of arc 
welding and X-ray technology. 


Steel, Peech and Tozer, a branch of the United Steel 
Companies Ltd., announces the following metallurgical 
appointments. 

Dr. B. B. Hundy, chief research metallurgist, is to 
become chief metallurgist; Mr. W. Ash, at present 
chief works metallurgist, will become deputy chief 
metallurgist; and Mr. H. A. Longden, assistant chief 
works metallurgist, is to be works metallurgist. 


Alcan Industries Ltd. announce the election of two new 
directors to their board, Mr. A. A. Bruneau and Mr. 
R. J. Moyse. 

Mr. Moyse, who was appointed chief financial officer 
and treasurer of the company last year, joined the Alu- 
minium Ltd. organization in 1951, serving with Alu- 
minium Securities, Montreal, and latterly as secretary- 
treasurer of the Indian Aluminium Co. Ltd. 

Mr. Bruneau joined Alcan Industries (then Northern 
Aluminium) last year as secretary. His career with 
Aluminium Ltd., which began in 1949 with Aluminum 
Co. of Canada, included an earlier period with Northern 
Aluminium, and he was latterly with Aluminium Sec- 
retariat, Montreal. 

It has also been announced by Alcan Industries Ltd. 
that Mr. C. J. Buchanan-Dunlop has been appointed 
manager of the Birmingham Area Sales Office in succes- 
sion to Mr. D. W. Taylor, who is to take over manage- 
ment of the London Area Sales Office later this year. For 
the past six months Mr. Buchanan-Dunlop has been 
assistant manager in Birmingham. 
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CUT HERE 


Canteen Catering 


3! 


Electrical Aids in Industry 


As in every other industry, the main 
factors governing the economics of the 
catering business are: quality of pro- 
duct, cost of production, and well-bc ing 
of workpeople. Electricity measures up 
well to these three essential factors. 


The outstanding virtue of electricity is 
better cooking, particularly in roasting 
and pastry ovens where high quality is 
more easily maintained than in ovens 
using other forms of heat. 


The cost of production varies some- 
what with the type of food and the size 
of the establishment, but is usually 
between 4 and } of a unit of electricity 
per meal. Cleanliness of electric cooking 
is axiomatic and provides better working 
conditions for the staff. 


The actual size of the kitchen is in- 
fluenced greatly by its shape and by the 
number of people catered for, but a 
rough guide is as follows: 

Kitchen to deal 

with up to: Size: 

100 persons 5-6 sq. ft. per person 
100-250 persons 4-5 sq. ft. per person 
250-1000 persons 3-4 sq. ft. per person 
over: 1000 persons 3 sq. ft. per person 


Design 
Where the kitchen is designed from the 
start for the full use of electricity, plan- 
ning is simplified as the equipment can 
be placed where it is required without 
reference to the need for flues. 
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If an existing kitchen is already using 
other types of cooking equipment, how- 
ever, electrical equipment can still be 
introduced item by item to bring 
increasing benefits. 

Quick-service Equipment 

The popularity of the quick-service 
establishment where the food is cooked 


at the service counter in the full view of 
the customer is steadily growing, and 
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Data Sheet No. 17 


this type of catering can readily be pro- 
vided in the canteen by the installation 
of a Back Bar cooking unit, installed 
behind a section of the service counter. 


The popularity of the mid-day joint 
and two vegetables is on the wane and 
the really up-to-date canteen should 
provide the welcome alternative of 
fresh food cooked on the spot. 














Electric Catering Equipment 


Electric catering equipment covers 
every single kitchen activity and some 
of the appliances in common use are: 


COOKING. Ranges, boiling tables, steam- 
ing, roasting and pastry ovens, vege- 
table boilers, fryers, griller toasters. 


SERVICE AND WASHING-UP EQUIPMENT. 
Bains-marie, hot cupboards, washing- 
up machines for the larger kitchen and 
sterilising sinks for the smaller, refriger- 
ated cold-service counter and display 
cabinets, soda fountains. 


PREPARATION. Mixing machines with 
attachments for chopping and mincing, 
etc., potato peeler, slicing machine. 


QUICK-SERVICE EQUIPMENT. Infra-red 
contact) grill, automatic toaster, griddle 
plate, automatic fryer, boiling plates, 
soup heaters, etc., and, of course, the 
indispensable refrigerator. 


7”. 
For further information, get in touch | 
with your Electricity Board or write 
direct to the Electrical Development | 
Association, 2 Savoy Hill, London, 
W.C.2. Tel: TEMple Bar 9434. : 


industrial and commercial uses of 
electricity are available—*‘ Electric 
Commercial Catering Handbook” 
(s/-, or $/6 post free) is an example. 


| Excellent reference books on the 
: E.D.A. also have available on free 
loan in the United Kingdom a series 
| of films on the industrial uses of elec- 
tricity, including commercial cater- 
| ing. Ask for a catalogue. 
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High- and low-level Proximitor 

The Proximitor unit of the Electronic Machine Co. Ltd. 
has been designed to provide an inexpensive, sensitive 
and reliable capacity-operated relay of robust construction 
that can be used over a very wide variety of industrial and 
laboratory applications and, due to the use of a trans- 
mission-line technique, very long leads can be used; 
even lengths of up to 100 yds. can confidently be used 
without loss of stability or interference from the presence 
of metal girders and the like along its run. 

This sensitivity and stability makes it possible to use 
the unit for counting on conveyors when speeds of up to 
1,000'min. can be obtained with relay operation of 
electro-mechanical counters and, where higher speeds 
are required, a pulse output is available for operation of 
any of the Electronic Machine Co. Ltd.’s standard range 
of Batchcounters, when speeds of up to 12,000 'min. are 
possible 

The probe itself can be supplied either of stainless 
steel or sheathed in plastic, suitable for any application 
and, in the case of use for level control, is threaded 
4 in. B.S.P. for insertion in tank and hopper sides or 
for installation in the top of a container where B.S 
nozzle flanges are used 

Particulars of 


either the low-level unit (model No 
PROIL) or the high-level unit (model No. PROIH 
may be obtained from Electronic Machine Co. Ltd., 


Mayday Road, Thornton Heath, Surrey, England 


Developments in Batchcounting 

So many and varied are the uses to which Batchcounters 
are put that Electronic Machine Co. Ltd. have now 
redesigned their units to provide a more flexible form of 
basic ‘ off-the-shelf’ type of instrument 

By the inclusion of the necessary stampings and fixing 
lugs, together with a comprehensive printed circuitry, it is 
possible to complete the basic unit in a few minutes by 
including the necessary component to meet the require- 
ments of the stated application. 

Design of circuitry is such that the unit can be easily 
modified to accommodate such applications as dual out- 
puts, time delays, microswitch, photocell and magnetic 
pick-up input devices, speed of count being up to 20,000 
min 
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Classified Advertisements 


FIFTEEN WORDS 73s. 6d. (minimum charge) and 4d Pa word 
thereafter. Box number 2s. 6d. including postage of replies. Situations 
Wanted 2d. per word 


Replics addressed to Box Numbers are to be sent, clearly 
marked, to Metal Treatment and wort Forging, John Adam 
House, John Adam Street, London, W.C.2 


SITUATIONS VACANT 


FOREMAN REQUIRED for production department of North 
Midlands engineering works comprising Drop Stamping 
with some repetitive machining and assembly. Age 
preferably 35-40 years Superannuation and profit- 
sharing schemes.—Box No. B721, c/o Walter Judd Ltd., 
47 Gresham Street, E.C.2 


SITUATIONS WANTED 


QUALIFIED CHIEF METALLURGIST (A.1.M.), in late twenties, 
with wide experience including steel forging, heat treat- 
ment and general engineering metallurgy, seeks position 
with progressive company as metallurgist, consultant 
metallurgist or technical representative. Box No. QC139, 
METAL TREATMENT AND DROP FORGING. 


MACHINERY FOR SALE 


COVENTRY CLIMAX FORKLIFT TRUCKS!!! A_ choice 
selection of electric, petrol and diesel models. From 
1,500 Ib. to 4,000 Ib. capacity, 9 ft. to 12 ft. lifts. Full 


details, photographs and prices from Speed Electrics, 
Dept. MTDF, Church Street, Basford, Nottingham. 


Tel. 75716 
CAPACITY WANTED 
WELL-ESTABLISHED MIDLAND FIRM OF AGENTS desire to 


contact drop-forging company with available capacity 
Box No. WE138, METAL TREATMENT AND DROP FORGING 


STAINLESS STEEL 


BILLETS 


FOR 


ROLLING @¢ FORGING 


SPARTAN STEEL & ALLOYS LTD 





FORNCETT STREET - SHEFFIELD TELEPHONE SHEFFIELD 21822 





metal treatment 
and Drop Forging 


PRO-TEK ) 


No Scale 
PRO-TEK Continuous Billet 
Heating Fur 1aces are built Longer Tool Life 
under licence arrangements 
with Metallurgical Oxygen 
Processes Limited — Low Fuel Cost 
Indugas, G.m.b.H., Essen. 
Specially suitable for 
repetition work either 
mild steel or alloys. 
Standard sizes from 10 cwts. 
per hour upwards with 
guaranteed performance and 
scale free high quality PRO-TEK FORGING 
finish heating. 
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GIBBONS 





No Metal Loss 









RECUPERATOR 








GIBBONS BROTHERS, LTD., P.O. Box 19, DIBDALE, DUDLEY, WORCESTERSH/RE NORMAL FURNACE FORGING Giles 
Tel.: Dudicy 3141 (P.B.X.) Telegrams: ** Gibbons Dudley Telex No.: 33162 


STAINLESS STEEL ABRASIVE RESISTING 

HEAT RESISTING HEAT & ABRASIVE RESISTING 
ZYANIDING POTS HIGH SPEED TOOL, DIE 
CASE HARDENING BOXES & SPECIAL ALLOY STEELS 
CAST IRON. BRASS. GUN METAL atso STAINLESS STEEL ROAD 


PHOSPHOR BRONZE, ALUMINIUM erc LINES, STUDS & SIGNS 





HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO" castings are available in 
a wide range of qualities 


From a few ozs up to 25 cwts each 


M.0.5 approved inspection facilities installed 
Routine X-ray control 
Fa . 
Ae Johnson Hilo e 
Regd. Office 


BROADFIELD RD., SHEFFIELD & 
Telephones : 5243! 4 
Office ond Works Entrance 
AIZLEWOOD RD., SHEFFIELD 8 
Foundry. Aiziewood Road. Sheffiei¢ 
Machine Shops: Broadfield Rood Sheffield 
London Office: Central House. 
Upper Woburn Place, W.C.! 
(EUSton 4086) 
Glasgow Office : 93 Hope Street, C.2. 
(Central 8342/5) 


HNSON FOSTER LTD. STEELMAKERS & FOUNDER 
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Forced-air circulation at 


i100" 


an important advance in 
furnace design by 





ia 


e 


, * 


This highly successful furnace was designed and 
constructed by us to meet the following 
Ro.iis-Royce specification: 
1. variable temperature range up to 1,100°C 
2. tolerance of + 10°C. throughout the range 
3. even temperature distribution all through 
. 4. heating chamber size 4’ 6" x 4’ 6" x 5’ O 
ANNEALERS LTD We overcame the problems involved by using 
PENISTONE RD SHEFFIELD.6 forced-air circulation with the fan assemblies made 
aon of * Nimonic 75” heat resisting alloys mounted 
-* on air-cooled tubular shafts. The air guide, which 
was also made of ‘ Nimonic 75,’ was supported 
from the roof to reduce distortion at maximum 


. 











CORNBROOK PARK RD., OLD TRAFFORD, MANCHESTER 15 





temperature. The heating elements were housed 
in refractory grooves to facilitate easy replacement 


even with the furnace still relatively hot. 
Tests before shipping were entirely successful, the 


temperature variation being 


5°C. at 750°C. and negligible 
HARDEN a 1,100. The furnase'is 


used for the heat treatment 7 











nT of Rolls-Royce ‘*Con- 
CASE HARDENING Hil way, ‘Avon,’ and 
| 


CYANIDE HARDENING ‘Dart’ jet engine 


i] assemblies. 
HARDENING OF PRESS TOOLS a 
AND DIES ETC Hi 


PLASTIC AND RUBBER MOULDS ||| 


HEAT TREATMENT OF FORGINGS 
AND MACHINE PARTS 


ANNEALING 
NORMALISING 
STRESS RELIEVING 


HEAT TREATMENT SPECIALISTS 


ENGINEERING 








HEAT-TREATMENTS [ami ca 
(Manchester) meer consult SPECIALISTS 


TELEPHONE: TRAFFORD PARK 3114 Hedin Limited, Fowler Road, Hainault, Essex 
Telephone: Hainault 303! 


Le eC OAS ONO BE 


- A A RENE Se 


ate ae ee error: 
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~*~ NOW AVAILABLE 
FROM STOCK 





All prepublication orders for the 
1960/1 EDITION of 


RYLAND’S 
DIRECTORY 


have now been fulfilled, and copies 
can be supplied immediately 


from stock 


May we suggest you 


place your order at once with 


The Publisher, = [~~ Price--5 
Ryland’s Directory, ! 
17/19 John Adam St., | 
London, W.C.2 Beant d 
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or simple 


... If it’s a job for 
precision surface 
hardening with little 
dimensional change, 
then it’s a job for the 
special skills and 
special equipment of 
Flame Hardeners 
Whether you deal in 
quantities or have an 
individual hardening 
problem, call in Flame 
Hardeners from the 
start. Their experience 
and knowledge can save 
you a lot of trouble 
—not to mention cost! 


RIMS SO 


oa A 


CASTINGS, GEARS, TYRE ROLLS, 
CRANE WHEELS, BALL RACE 


RINGS, WIRE ROPE SHEAVES, 
ARLE PINS\CHAIN PINS AND 
INK BAR BLADES, ROLL 

TOOL 


MACHINE 
BEDS, in fact 
anything and 
everything that 
requires precision 
surface hardening. 
Send for literature. 


Flame 
Hardeners iro 


Everywhere in the British Isles served from: 


SHORTER WORKS, BAILEY LANE, 
SHEFFIELD, 1. Telephone: Sheffield 21627 
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ABBEY HEAT 
TREATMENTS LTD. 


Plaza Works, High St., Merton, S.W.19 
— 


Specialized Heat Treatment 
in our NEW Capacity Furnace 
with non-oxidizing atmosphere 

o 
SPECIALLY DESIGNED for the heat 
treatment of high temperature alloy 
materials up to 1,300°C. 
© 


Enquiries will be dealt with personally by our 
Technical Staff Ring CHERRYWOOD 2291/2 


Ai.D. DLARM. LEME. & AR.B. Approved 











Cut your finishing costs on 
DIE SINKING & FETTLING 

By using the British made 
BRIGGS - AJAX 

Range of 
AIR GRINDERS 


which have achieved an enviable reputation for 
reliability since their introduction 21 yrs. ago. 


AJAX JUNIOR, |00,000 r.p.m. for Stones 
Hy” to §” dia. 

AJAX MK. Ill, 50,000 r.p.m. for Stones 
}” to 3” dia. 

BRIGGS MK. II, 28,000 r.p.m. for Stones 
4” to |” dia. (deep reach) 

BRIGGS MK. V, !0,000 r.p.m. for Stones 
13” to 2” dia. 

Litereture on request from Menufacturers 

BRIGGS BROS. (ENGINEERS) LTD. 

206 EDWARD ROAD, BIRMINGHAM, 12 
Telephone: CALthorpe 2995 
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tool life trebled ! 





COLLOIDAL GRAPHITE 


GRAD, by constant research and 
exhaustive laboratory and field tests, 
are meeting the exacting demands 
> of British industry by supplying 
colloidal graphite dispersions that 
in many instances can double overall! production. 
Another significant aspect of the enterprising services that 
GRAD provide for their customers, is delivery in half the 
normal time. If yours is a lubrication problem consult 
GRAD. They know what you may want to know about 
lubrication. 





cleaner to use! 


GRAPHOIDAL DEVELOPMENTS LTD 


CONSULTING LUBRICATION ENGINEERS 
WREAKES LANE, DRONFIELD, NEAR SHEFFIELD 














ARB DGI APPROVED 


THOMAS ANDREWS ELECTRO HEAT 
TREATMENTS LTD. 


High-Grade Steel Makers 











— BULL LANE WEST BROMWICH 
Telephone WES 0584—0756 
u ” ( HIGH SPEED STEELS 
} ? HOT & COLD DIE STEELS 
MONARCH 1 TOOL HOLDER BITS BRIGHT ANNEALING 
Copper and steel pressings, bolts, strip, 
“ FNITE” ( CARBON & ALLOY TOOL =“ 
H ) STEELS forALL PURPOSES BRIGHT HARDENING 
Bolts, springs, etc. Also large compo- 
" ” ( CARBON TOOL STEEL for nents up to 3 ft. 
HELVE ) CHISELS, PUNCHES, &c. CASE HARDENING 
Carbonitriding and Gas Carburizing up to 
| 4ft.6in. High frequency up to 1OkVA 
ROYDS WORKS AND 
HARDENITE STEEL WORKS LIGHT ALLOYS 
ATTERCLIFFE ROAD, SHEFFIELD, 4 Solution and precipitation up to 10 ft. 
Export Department We specialize in the use of controlled 
THE HARDENITE STEEL COMPANY LIMITED atmospheres for all heat treatment. 
Teiepnene Telegrams : weekly ca i a 
Sheffield 2213! Shatting. Shetheld, 4 100 ton y capacity - Laboratory 





supervision . Local deliveries 
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FRANKLIN FURNACES 


There’s big savings in terms of dependability 

and easy maintenance when Franklin are called 
in on that furnace installation. Long experience 
in the supply of standard, and the design of 
special furnaces mean the snags are quickly 
ironed out. Furnaces fired by ‘Dine’ Burners - 
give easy maintenance and fuel economy, that’s 

why more and more well-known Companies are 

now counted as customers. 

Our team of experts would welcome the chance 

to look into your furnace problems. 





f A section of a Special Gas fired 
ee Mould Heating furnace at Deritend 
Precision Casting Lid. 


MANUFACTURERS OF INDUSTRIAL 
FURNACES AND OIL BURNING 
EQUIPMENT FOR ALL PURPOSES 


FRANKLIN FURNACE CO. LTD., BAKER STREET, SPARKHILL, BIRMINGHAM I1, ENGLAND 





INDEX TO ADVERTISERS 


Abbey Heat Treatments Ltd 36 Eumuco (England) Led 0 Morganite Crucible Ltd 20 
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Ether Ltd Mond Nickel Co. Ltd Workington Iron & Steel Co 
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HIGH TEMPERATURE er 
7 





THE NICKEL- 
CHROMIUM 
ALLOY 


For Temperatures at which 
other metals collapse 


’ CASTINGS 
I : CASE 
ENING VESSELS 
RY ng RTS ANI 
PYRC bene dacie 


THE CRONITE FOUNDRY CO. 


metal treatment 
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LTD. 


LAWRENCE ROAD, TOTTENHAM, LONDON, NUU5 cranscy 
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General Purpose 
Die & Mould Stee! 








h | | 
VM 





Chromium/Vanadium Chromium/Molybdenum/ Nickel /Chromium 
Tungsten/Molybdenum Vanadium Molybdenum . 
Hot Working & Forging Aluminium Extrusion & Backing Die & Hot 

Die Steel Pressure Die Casting Stee! Working Steel 


Walter Somers Limited 


HAYWOOD FORGE HALES OWEN NR. BIRMINGHAM Telephone: Hales Owen 1185 








